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Fully Released 
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Sales Office. 
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GENERAL INFORMATION — 
SECTION 1 — HIGH-SPEED LOGIC 


High speed logic is used whenever improved system 
performance would increase a product's market value. 
For a given system design, high-speed logic is the most 
direct way to improve.system performance and emitter- 
coupled logic (ECL) is today’s fastest form of digital logic. 
Emitter-coupled logic offers both the logic speed and 
logic features to meet the market demands for higher 
performance systems. 


MECL PRODUCTS 


Motorola introduced the original monolithic emitter- 
coupled logic family with MECL | (1962) and followed this 
with MECL II (1966). These two families are now obsolete 
and have given way to the MECL Il (MC1600 series), 
MECL 10K, PLL (MC12000 series) and the new MECL 10H 
families. 

Chronologically the third family introduced, MECL III 
(1968) is a higher power, higher speed logic. Typical 1 ns 
edge speeds and propagation delays along with greater 
than 500 MHz flip-flop toggle rates, make MECL Ill useful 
for high-speed test and communications equipment. 
Also, this family is used in the high-speed sections and 
critical timing delays of larger systems. For more general 
purpose applications, however, trends in large high- 
speed systems showed the need for an easy-to-use logic 
family with propagation delays on the order of 2 ns. To 


match this requirement, the MECL 10,000 Series was in- 
troduced in 1971. | - 

An important feature of MECL 10K is its compatibility 
with MECL Ill to facilitate using both families in the same 
system. A second important feature is its significant 
power economy — MECL 10K gates use less than one- 
half the power of MECL Ill. 

Motorola introduced the MECL 10H product family in 
1981. This latest MECL family features 100% improve- 
ments in propagation delay and clock speeds while main- 
taining power supply currents equal to MECL 10K. MECL 
10H is voltage compensated allowing guaranteed dc and 
switching parameters over a +5% power supply range. 
Noise ‘margins have been improved by 75% over the 
MECL 10K series. - 

Compatibility with MECL 10K and MECL Ill is a key — 
element in allowing users to enhance existing systems 
by increasing the speed in critical timing areas. Also, 
many MECL 10H devices are pin out/functional duplica- 
tions of the MECL 10K series devices. The emphasis of 
this new family will be placed on more powerful logic 
functions having more complexity and greater perfor- 
mance. With 1.0 ns propagation delays and 25 mW per 


‘gate, MECL 10H features the best speed-power product 


of any ECL logic family available today. 


MECL FAMILY COMPARISONS 























5. Speed Power Product 25 pJ 


MECL 10K 
10,100 Series 10,200 Series 


1. Gate Propagation Delay 1.0 ns 2.0 ns 1.5 ns 1.0 ns 
2. Output Edge Speed* 1.0 ns 3.5 ns 2.5 ns 1.0 ns 
3. Flip-Flop Toggle Speed 250 MHz min 125 MHz min 200 MHz min 300-500 MHz min 
4. Gate Power 25 mW 25 mW 25 mW 60 mW 


50 pJ 
















MECL Ill 












37 pJ 60 pJ 


*Output edge speed: MECL 10K/10H measured 20% to 80%, MECL Ill measured 10% to 90% of E out. 


FIGURE 1a — GENERAL CHARACTERISTICS 
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FIGURE 1b — OPERATING TEMPERATURE RANGE 


MECL IN PERSPECTIVE 


In evaluating any logic line, speed and power require- 
ments are the obvious primary considerations. Figure 1 
provides the basic parameters of the MECL 10H, MECL 
10K, and MECL Ill families. But these provide only the 
start of any comparative analysis, as there are a number 
of other important features that make MECL highly desir- 
able for system implementation. Among these: 

Complementary Outputs cause a function and its com- 
plement to appear simultaneously at the device outputs, 
without the use of external inverters. It reduces package 
count by eliminating the need for associated invert func- 
tions and, at the same time, cuts system power require- 
ments and reduces timing differential problems arising 
from the time delays introduced by inverters. 

High Input impedance and Low Output Impedance 
permit large fan out and versatile drive characteristics. 

insignificant Power Supply Noise Generation, due to 
differential amplifier design which eliminates current 
spikes even during signal transition period. 

Nearly Constant Power Supply Current Drain simplifies 
power-supply design and reduces costs. 

Low Cross-Talk due to low-current switching in signal 
path and small (typically 850 mV) voltage swing, and to 
relatively long rise and fall times. 

Wide Variety of Functions, including complex func- 
tions facilitated by low power dissipation (particularly in 
MECL 10H and MECL 10K series). A basic MECL 10K gate 
consumes less than 8 mW in on-chip power in some 
complex functions. 

Wide Performance Flexibility due to differential am- 
plifier design which permits MECL circuits to be used as 
linear as well as digital circuits. 

Transmission Line Drive Capability is afforded by the 
open emitter outputs of MECL devices. No “Line Drivers” 
are listed in MECL families, because every device is a line 
driver. 

Wire-ORing reduces the number of logic devices re- 
quired in a design by producing additional OR gate func- 
tions with only an interconnection. 

Twisted Pair Drive Capability permits MECL circuits to 
drive twisted-pair transmission lines as long as 1000 feet. 

Wire-Wrap Capability is possible with the MECL 10K 
family because of the slow rise and fall time characteristic 
of the circuits. 

Open Emitter-Follower Outputs are used for MECL 
outputs to simplify signal line drive. The outputs match 
any line impedance and the absence of internal pulldown 
resistors saves power. 

Input Pulldown Resistors of approximately 50 kO, per- 
mit unused inputs to remain unconnected for easier cir- 
cuit board layout. 


MECL APPLICATIONS 


Motorola’s MECL product lines are designed for a wide 
range of systems needs. Within the computer market, 
MECL 10K is used in systems ranging from special pur- 
pose peripheral controllers to large mainframe com- 
puters. Big growth areas in this market include disk and 
communication channel controllers for larger systems 
and high performance minicomputers. 

The industrial market primarily uses MECL for high 
performance test systems such as IC or PC board testers. 


However, the high bandwidths of MECL 10H, MECL 10K, 
MECL III, and MC12,000 are required for many frequency 
synthesizer systems using high speed phase lock loop 
networks. MECL will continue to grow in the industrial 
market through complex medical electronic products and 
high performance process control systems. 

MECL 10K and MECL Ill have been accepted within the 
Federal market for numerous signa! processors and nav- 
igation systems. Full military temperature range MECL 
10K is offered in the MC10500 and MC10600 Series, and 
in the PLL family as the MC12500 Series. 


BASIC CONSIDERATIONS FOR HIGH-SPEED 
LOGIC DESIGN 


High-speed operation involves only four considera- 
tions that differ significantly from operation at low and 
medium speeds: 

1. Time delays through interconnect wiring, which 
may have been ignored in medium-speed systems, be- 
come highly important at state-of-the-art speeds. 

2. The possibility of distorted waveforms due to re- 
flections on signal lines increases with edge speed. 

3. The possibility of ““crosstalk’”’ between adjacent sig- 
nal leads is proportionately increased in high-speed 
systems. 

4. Electrical noise generation and pick-up are more 
detrimental at higher speeds. 

In general, these four characteristics are speed- and 
frequency-dependent, and are virtually independent of 
the type of logic employed. The merit of a particular logic 
family is measured by how well it compensates for these 
deleterious effects in system applications. 

The interconnect-wiring time delays can be reduced 
only by reducing the length of the interconnecting lines. 
At logic speeds of two nanoseconds, an equivalent ‘gate 
delay” is introduced by every foot of interconnecting wir- 
ing. Obviously, for functions interconnected within a sin- 
gle monolithic chip, the time delays of signals travelling 
from one function to another are insignificant. But for a 
great many externally interconnected parts, this can soon 
add up to an appreciable delay time. Hence, the greater 
the number of functions per chip, the higher the system 
speed. MECL circuits, particularly those of the MECL 10K 
and MECL 10H Series are designed with a propensity 
toward complex functions to enhance overall system 
speed. 

Waveform distortion due to line reflections also be- 
comes troublesome principally at state-of-the-art speeds. 
At slow and medium speeds, reflections on intercon- 
necting lines are not usually a serious problem. At higher 
speeds, however, line lengths can approach the wave- 
length of the signal and improperly terminated lines can 
result in reflections that will cause false triggering (see 
Figure 2). The solution, as in RF technology, is to employ 
“transmission-line’”’ practices and properly terminate 
each signal line with its characteristic impedance at the 
end of its run. The low-impedance, emitter-follower out- 
puts of MECL circuits facilitate transmission-line practices 
without upsetting the voltage levels of the system. 

The increased affinity for crosstalk in high-speed cir- 
cuits is the result of very steep leading and trailing edges 
(fast rise and fall times) of the high-speed signal. These 
steep wavefronts are rich in harmonics that couple read- 
ily to adjacent circuits. In the design of MECL 10K and 








MECL 10H, the rise and fall times have been deliberately 
slowed. This reduces the affinity for crosstalk without 
compromising other important performance parameters. 

From the above, it is evident that the MECL logic line 
is not simply capable of operating at high speed, but has 
been specifically designed to reduce the problems that 
are normally associated with high-speed operation. 
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FIGURE 2a — UNTERMINATED 
TRANSMISSION LINE 
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CIRCUIT DESCRIPTION | 

The typical MECL 10K circuit, Figure 3, consists of a 
differential-amplifier input circuit, a temperature and 
voltage compensated bias network, and emitter-follower 
outputs to restore dc levels and provide buffering for 
transmission line driving. High fan-out operation is pos- 
sible because of the high input impedance of the differ- 
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FIGURE 2b — PROPERLY TERMINATED 
TRANSMISSION LINE 
(Ground Plane Added) 
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GATE SYMBOL 


FIGURE 3 — MECL 10K GATE STRUCTURE AND SWITCHING BEHAVIOR 


ential amplifier input and the low output impedance of 
the emitter follower outputs. Power-supply noise is vir- 
tually eliminated by the nearly constant current drain of 
the differential amplifier, even during the transition 
period. Basic gate design provides for simultaneous out- 
put of both the OR function and its complement, the NOR 
function. The design of the MECL 10H gate is unchanged, 
with two exceptions. The bias network has been replaced 
with a voltage regulator, and the differential amplifier 
source resistor has been replaced with a constant current 
source. (See section 2 for additional MECL 10H 
information.) 

Power-Supply Connections — Any of the power supply 
levels, Vt7T, Vcc, or VEE may be used as ground; how- 
ever, the use of the Vcc node as ground results in best 
ncise immunity. In such a case: Vcc Co, VIT 

—2.0V, Veg = -5.2V. 
System Logic Specifications — The output logic swing 
of 0.85 V, as shown by the typical transfer characteristics 
curve, varies from a LOW state of Vo, = —1.75V toa 
HIGH state of Voy = —0.9 V with respect to ground. 

Positive logic is used when reference is made to logical 
“0's” or “1's.” Then 


"0" _ 


—1.75 V = LOW 
typical 


“1"" = —0.9V = HIGH 


Circuit Operation — Beginning with all logic inputs 
LOW (nominal — 1.75 V), assume that Q1 through Q4 are 
cut off because their P-N base-emitter junctions are not 


conducting, and the forward-biased Q5 is conducting. 
Under these conditions, with the base of 05 held at — 1.29 V 
by the Vpg network, its emitter will be one diode drop 
(0.8 V) more negative than its base, or — 2.09 V. (The 0.8 V 
differential is a characteristic of this P-N junction.) The 
base-to-emitter differential across Q1 — Q4 is then the 
difference between the common emitter voltage (— 2.09 V) 
and the LOW logic level (— 1.75 V) or 0.34 V. This is less 
than the threshold voltage of Q1 through O4 so that these 
transistors will remain cut off. 

When any one (or all) of the logic inputs are shifted 
upward from the — 1.75 V LOW state to the — 0.9 V HIGH 
state, the base voltage of that transistor increases beyond 
the threshold point and the transistor turns on. When this 
happens, the voltage at the common-emitter point rises 
from —2.09 V to —1.7 (one diode drop below the —C.9V 
base voltage of the input transistor), and since the base 
voltage of the fixed-bias transistor (Q5) is held at — 1.29 V, 
the base-emitter voltage O5 cannot sustain conduction. 
Hence, this transistor is cut off. 

This action is reversible, so that when the input sig- 
nal(s) return to the LOW state, Q1 — 04 are again turned 
off and Q5 again becomes forward biased. The collector 
voltages resulting from the switching action of Q1 — Q4 
and Q5 are transferred through the output emitter- 
follower to the output terminal. Note that the differential 
action of the switching transistors (one section being off 
when the other is on) furnishes simultaneous comple- 
mentary signals at the output. This action also maintains 
constant power supply current drain. 


DEFINITIONS OF LETTER SYMBOLS AND ABBREVIATIONS 


Current: 


Icc Total power supply current drawn from the 


positive supply by a MECL unit under test. 


Leakage current from input transistor on 
MECL devices without pulldown resistors 
when test voltage is applied. 


Current drain from Vcc power supply with all 
inputs at logic HIGH level. 


ICBO 


ICCH 


Current drain from Vcc power supply with all 
inputs at logic LOW level. 


ICCL 


Total power supply current drawn from a 
MECL test unit by the negative power supply. 


le 


Forward diode current drawn from an input 
of a saturated logic-to-MECL translator when 
that input is at ground potential. 


Current into the input of the test unit when a 
maximum logic HIGH (Vi, max) is applied at 
that input. 


HIGH level input current into a node with a 
specified HIGH level (ViH max) logic voltage 
applied to that node. (Same as lj, for positive 
logic.) 


INH 


LOW level input current, into a node with a 
specified LOW level (Vij_ min) logic voltage 
applied to that node. 

Load current that is drawn from a MECL circuit 


output when measuring the output HIGH level 
voltage. 


NL 
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IOH HIGH level output current: the current flowing 
into the output, at a specified HIGH level out- 
put voltage. 

IOL LOW level output current: the current flowing 
into the output, at a specified LOW level out- 
put voltage. 

los Output short circuit current. 

lout Output current (from a device or circuit, under 
such conditions mentioned in context). 

IR Reverse current drawn from a transistor input 
of a test unit when V_g is applied at that input. 

Isc _ Short-circuit current drawn from a translator 
saturating output when that output is at 
ground potential. 

Voltage: 

VBB Reference bias supply voltage. 

VBE Base-to-emitter voltage drop of a transistor 
at specified collector and base currents. 

VcB Collector-to-base voltage drop of a transistor 
at specified collector and base currents. 

Vcc General term for the most positive power sup- 
ply voltage to a MECL device (usually ground, 
except for translator and interface circuits). 

Vcc1 Most positive power supply voltage (output 


devices). (Usually ground for MECL devices.) 








Voltage (cont.): 


Vcc2 


VEE 


VF 


VIH 
VIH max 


VIHA 
VIHA min 


VIH min 


VIL 


VIL max 


VILA 
VILA max 


VIL min 


Vmax 


VOH 


VOHA 
VOHA min 


VOH max 
VOH min 


VOL 


VOLA 


Most positive power supply voltage (current 
switches and bias driver). (Usually ground for 
MECL devices.) 


Most negative power supply voltage for a cir- 
cuit (usually —5.2 V for MECL devices). 


Input voltage for measuring !- on TTL inter- 
face circuits. 


Input logic HIGH voltage level (nominal value). 


Maximum HIGH level input voltage: The most 
positive (least negative) value of high-level 
input voltage, for which operation of the logic 
element within specification limits is 
guaranteed. 


Input logic HIGH threshold voltage level. 


Minimum input logic HIGH level (threshold) 
voltage for which performance is specified. 


Minimum HIGH level input voltage: The least 
positive (most negative) value of HIGH level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 


Input logic LOW voltage level (nominal value). 


Maximum LOW level input voltage: The most 
positive (least negative) value of LOW level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 


Input logic LOW threshold voltage level. 


Maximum input logic LOW level (threshold) 
voltage for which performance is specified. 


Minimum LOW level input voltage: The least 
positive (most negative) value of LOW level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 

Input voltage (to a circuit or device). 
Maximum (most positive) supply voltage, 
permitted under a specified set of conditions. 
Output logic HIGH voltage level: The voltage 
level at an output terminal for a specified out- 
put current, with the specified conditions ap- 
plied to establish a HIGH level at the output. 
Output logic HIGH threshold voltage level. 
Minimum output HIGH threshold voltage level 
for which performance is specified. 
Maximum output HIGH or high-level voltage 
for given inputs. 

Minimum output HIGH or high-level voltage 
for given inputs. 


Output logic LOW voltage level: The voltage 
level at the output terminal for a specified 
output current, with the specified conditions 
applied to establish a LOW level at the output. 


Output logic LOW threshold voltage level. 


VOLA max Maximum output LOW threshold voltage level 


for which performance is specified. 


VOL max 
VOL min 
VTT 


VOLS1 


VOLs2 


Maximum output LOW level voltage for given 
inputs. 


Minimum output LOW level voltage for given 
inputs. 


Line load-resistor terminating voltage for out- 


puts from a MECL device. 


Output logic LOW level on MECL 10,000 line 
receiver devices with all inputs at Veg voltage 
level. 


Output logic LOW level on MECL 10,000 line 
receiver devices with all inputs open. 


Time Parameters: 


t+ 


t+- 


fTog 


fshift 


Waveform rise time (LOW to HIGH), 10% to 
90%, or 20% to 80%, as specified. 


Waveform fall time (HIGH to LOW), 90% to 
10%, or 80% to 20%, as specified. 


Same as t+ 
Same as t— 
Propagation Delay, see Figure 9. 
Propagation Delay, see Figure 9. 


Propagation delay, input to output from the 
50% point of the input waveform at pin x 
(falling edge noted by — or rising edge noted 
by +) to the 50% point of the output wave- 
form at pin y (falling edge noted by — or rising 
edge noted by +). (Cf Figure 9.) 


Output waveform rise time as measured from 
10% to 90% or 20% to 80% points on wave- 
form (whichever is specified) at pin x with 
input conditions as specified. 


Output waveform fall time as measured from 
90% to 10% or 80% to 20% points on wave- 
form (whichever is specified) at pin x, with 
input conditions as specified. 


Toggle frequency of a flip-flop or counter 
device. 


Shift rate for a shift register. 


Read Mode (Memories) 


tacs 
'RCS 
tAA 


Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


Write Mode (Memories) 


tw 
twsD 
tWHD 
tWwSA 
tWHA 
twscs 
tWHCS 
tws 
twR 
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Write Pulse Width 

Data Setup Time Prior to Write 

Data Hold Time After Write 
Address setup time prior to write 
Address hold time after write 

Chip select setup time prior to write 
Chip select hold time after write 
Write disable time 

Write recovery time 


Temperature: Miscellaneous: 





Tstg Maximum temperature at which device may €g Signal generator inputs to a test circuit. 
aa damage or performance TPin Test point at input of unit under test. 

Ty Junction (or die) temperature of an integrated TPout eee Scie aca 
circuit device. D.U.T. Device under test. 

TA Ambient (environment) temperature existing Cin Input capacitance. 
in the immediate vicinity of an integrated cir- Cout Output capacitance. 
cuit device package. Zout Output impedance. 

OA Thermal resistance of an IC package, junction Pp The total dc power applied to a device, not 
to ambient. including any power delivered from the de- 

JC Thermal resistance of an IC package, junction vice to a load. 
to case. RL Load Resistance. 

Ifpm Linear feet per minute. Rr Terminating (load) resistor. 

OCA Thermal resistance of an IC package, case to Rp An input pull-down resistor (i.e., connected 
ambient. to the most negative voltage). 


P.U.T. Pin under test. 


MECL POSITIVE AND NEGATIVE LOGIC 


INTRODUCTION NOR, or design with negative logic using the NAND. 


The increasing popularity and use of emitter coupled 
logic has created a dilemma for some logic designers. 
Saturated logic families such as TTL have traditionally 
been designed with the NAND function as the basic logic 
function, however, the basic ECL logic function is the NOR 
function (positive logic). Therefore, the designer may 


Which is the more convenient? On the one hand the 
designer is familiar with positive logic levels and defi- 
nitions, and on the other hand, he is familiar with imple- 
menting systems using NAND functions. Perhaps a pre- 
sentation of the basic definitions and characteristics of 
positive and negative logic will clarify the situation and 


either design ECL systems with positive logic using the eliminate misunderstanding. 


Vec = gnd 








O VeB = —1.29 volts 


VEE = —5.2 volts 


TABLE 1 


INPUTS 
Atel c 
Lo| HI 






LO} LO 
LO} HI LO 
Hi | LO LO 








HI LO 





TABLE 2 TABLE 3 















Hi = —0.9 volts 
LO = —1.7 volts 


INPUTS 
fatel| c | 
0 
1 
1 
. 1 


Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently, complete 
information sufficient for construction purposes is not necessarily given. The information in this Application Note has been carefully checked and is 
believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information does not convey to the purchaser 
of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 
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FIGURE 1 — Basic MECL Gate Circuit and Logic Function 
In Positive and Negative Nomenclature. 





LOGIC EQUIVALENCES 


Binary logic must have two states to represent he ; 
binary 1 and 0. With ECL the typical states are a high 
level of —0.9 volts and a low level of —1.7 volts. Two © 


choices are possible then to represent the binary 1 and 
0. Positive logic defines the 1 or “true” state.as the most 


positive voltage level, whereas negative logic defines the | 


most negative voltage level as the 1 or “true” state. 


Because of the difference in definition of states, the basic | 


ECL gate is a NOR function in positive logic and is a NAND 
function in negative logic. 

Figure 1 more clearly shows the above comparison of 
functions. Table | lists the output voltage level as a func- 
tion of input voltage levels of the MECL gate circuit 
shown. Table 2 translates the voltage levels into the 


appropriate negative logic levels which show the function 
to be C = A= B; that is, the circuit performs the NAND 
function. Table 3 translates the equivalent positive logic 
function into C = A + B, the NOR function. 

Similar comparisons could be made for other positive 
logic functions. As an example, the positive OR function 
translates to the negative AND function. Figure 2 shows 
a comparison of several common logic functions. 

Any function available in a logic family may be 
expressed in terms of positive or negative logic, bearing 
in mind the definition of logic levels: The choice of logic 
definition, as previously stated, is dependent on the 
designer. Motorola provides both positive and negative 
logic symbols on data sheets for the popular MECL 10,000 
logic series. 


FIGURE 2 — Comparative Positive and Negative Logic Functions. 





*Coincidence 


SUMMARY 

Conversion from one logic form to another or ‘ie use 
of a particular logic form need not be a complicated pro- 
cess. If the designer uses the logic form with which he 
is familiar and bears in mind the previously mentioned 


definition ef levels, problems arising from definition of — 


logic functions should be minimized. 





REFERENCE 
_Y. Chu, Digital Computer Design Fundamentals 
New York, McGraw-Hill, 1962 


SECTION II — TECHNICAL DATA 


GENERAL CHARACTERISTICS AND SPECIFICATIONS AC Parameters, such as propagation delays, rise and 
fall times and other time dependent characteristics. 

In addition, this section will discuss general layout and 
design guides that will help the designer in building and 
testing systems with MECL circuits. 


(See pages 1-5 through 1-7 for definitions of symbols and 
abbreviations.) 

In subsequent sections of this Data Book, the important 
MECL parameters are identified and characterized, and 


complete data provided for each of the functions. To 
make this data as useful as possible, and to avoid a great LETTER SYMBOLS AND ABBREVIATIONS 


deal of repetition, the data that is common to all func- Throughout this section, and in the subsequent data 
tional blocks in a line is not repeated on each individual sheets, letter symbols and abbreviations will be used in 
sheet. Rather, these common characteristics, as well as discussing electrical characteristics and specifications. 
the application information that applies to each family, The symbols used in this book, and their definitions, are 
are discussed in this section. listed on the preceding pages. 
In general, the common characteristics of major im- 
portance are: 
Maximum Ratings, including both dc and ac charac- MAXIMUM RATINGS 
teristics and temperature limits; The limit parameters beyond which the life of the de- 
Transfer Characteristics, which define logic levels and vices may be impaired are given in Figure 4a. In addition, 
switching thresholds; Table 4b provides certain limits which, if exceeded, will 
DC Parameters, such as output levels, threshold levels, not damage the devices, but could degrade the perfor- 
and forcing functions. mance below that of the guaranteed specifications. 


FIGURE 4a — LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRED 


unit | Mect 10H | Meu 10¢ | wectm 
[output Source Curent Continuous | lout [mado _ er ee 
Output Source Current Surge | tout | mado [100 ‘| 00S? 


NOTES: 1. Maximum Ty may be exceeded (< 250°C) for short periods of time (< 240 hours) without significant reduction in device life. 
2. Except MC1670 which has a maximum junction temperature = 145°C. 
3. For long term (= 10 yrs.) max Ty of 110°C required. Max Ty may be exceeded (< 175°C) for short periods of time (< 240 hours) without 
significant reduction in device life. 














FIGURE 4b — LIMITS BEYOND WHICH PERFORMANCE MAY BE DEGRADED 


MECL 10H MECL 10K MECL It 


Operating Temperature TA OF Oto +75 —30 to +85 —30 to +85 

Range Commercial® 

Supply Voltage (Vcc = 0) -4.94to -5.46 | —4.68to -5.7208 | 4.68 to ~5.72® 
Output Drive Commercial | — | @ — |50Qto-2.0Vdc} 50Qto -2.0Vde | 509 to —2.0 Vdc® 


NOTES: 1. With airflow = 500 Ifpm. 

. Functionality only. Data sheet limits are specified for —5.2 V + 0.010 V. 

. Except MC1648 which has an internal output pulldown resistor. 

. Functional and Data sheet limits. 

. MC10137 has a guaranteed supply voltage of —5.2 V to —5.72 V @ —30°C. 












orf @ 
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FIGURE 5 — MECL TRANSFER CURVES. . 
and SPECIFICATION TEST POINTS — 


a) MECL 10K 


t 


ee eh 
Gate Output 
(measured test limits) _ 


VOHA min 


1.850 —1.475 —1.105 







VOH max 
VOH min _ 


VOLA max 








VOL max 


Test Conditions: 25°C VOL min = 
Veg = —-5.2V . VIL min VIH max 
500 matched Gate Input VILA max | VIHA min 
inputs and outputs | (Applied test voltage) ( Vep = —1.29V 


MECL TRANSFER CURVES 


For MECL logic gates, the dual (complementary) out- 
puts must be represented by two transfer curves: one to 
describe the OR switching action and one to describe the 
NOR switching action. Typical transfer curves and asso- 


ciated data for the MECL 10K/10H family are shown in 


Figures 5a and 5b respectively. 

It is not necessary to measure transfer curves at all 
points of the curves. To guarantee correct operation it is 
sufficient merely to measure two sets of min/max logic 
level parameters. 

The first set is obtained for 10K by applying test volt- 
ages, ViL min and ViH max (sequentially) to the gate 
inputs, and measuring the OR and NOR output levels to 
make sure they are between VOL max and VOL min, and 
VOH max 2nd VOH min specifications. 

The second set of logic level parameters relates to the 
switching thresholds. This set of data.is distinguished by 
an ‘‘A”’ in symbol subscripts. A test voltage, VILA max: 
is applied to the gate and the NOR and OR outputs are 
measured to see that they are above the VQHA min and 
below the VOLA max levels, respectively. Similar checks 
are made using the test input voltage VjHA min- 

The result of these specifications insures that: 

a) The switching threshold (~ Vpp) falls within the 
darkest rectangle; i.e. switching does not begin outside 
this rectangle; 

b) Quiescent logic levels fall in the lightest shaded 
ranges; . 

c) Guaranteed noise immunity is met. 

As shown in Figure 6, MECL 10K outputs rise with 
increasing ambient temperature. All circuits in each fam- 


(Switching Threshold) - — 





b) MECL 10H 





-1.95  -1.48 







VOH max 


High FT 9-810 1) High 
State VOH min —0.980 | f State 
kaw VOL max - 1.630 1} Low 
State Wen wic +1 1.950 |f State 

VIL min VIH max 


VIL max 


VBB ~ —1.29V 
(Switching Threshold) 


Gate Input 
(Applied test voltage) ( 


ily have the same worst-case output level specifications 
regardless of power dissipation or junction temperature 
differences to reduce loss of noise margin due to thermal 
differences. - ‘ 

All of these specifications assume — 5.2 V power supply 
operation. Operation at other power-supply voltages is 
possible, but will result in further transfer curve changes. 
Figure 7 gives rate of change of output voltages as a 
function of power supply. 


FIGURE 6 — TYPICAL TRANSFER 
CHARACTERISTICS AS A FUNCTION 
OF TEMPERATURE (MECL 10K) 






Gor le Saeed (emacs (ers 
ser ee — 





OUTPUT VOLTAGE 
(VOLTS) 


-1.6 -1.4 -1.2 -1.0 


INPUT VOLTAGE (VOLTS) 


FIGURE 7 — TYPICAL LEVEL CHANGE RATES 






avepiver [ooo oa [ona 


0.250 0.270 






0.033 


NOISE MARGIN 


“Noise margin” is a measure of logic circuit's resis- 
tance to undesired switching. MECL noise margin is 
defined in terms of the specification points surrounding 
the switching threshold. The critical parameters of inter- 
est here are those designated with the “A” subscript 
(VOHA mins VOLA max VIHA min: VILA max) in the 
transfer characteristic curves. MECL 10H is specified and 
tested with VQHA min equal VOH min: VOLA max equal 


VOL max: VIHA min equal ViH min and VILA max equal 
VIL max: Guaranteed noise margin (NM) is defined as 


follows: 
NMHIGH LEVEL = VOHA min — VIHA min 


NMLOW LEVEL = VILA max — VOLA max 
To see how noise margin is computed, assume a MECL 


gate drives a similar MECL gate, Figure 8. 

At a gate input (point B) equal to Vi_A max, MECL gate 
#2 can begin to enter the shaded transition region. 

This is a “worst case” condition, since the VOLA max 
specification point guarantees that no device can enter 
the transition region before an input equal to Vi_LA max 
is reached. Clearly then, Vi_LA max is one critical point for 
noise margin computation, since it is the edge of the 
transition region. 

To find the other critical voltage, consider the output 
from MECL gate #1 (point A). What is the most positive 
value possible for this voltage (considering worst case 
specifications)? From Figure 8 it can be observed that the 
VOLA max specification insures that the LOW state OR 
output from gate #1 can be no greater than VOLA max: 

Note that VoLA max is more negative than ViLA max: 
Thus, with VoLA max at the input to gate #2, the tran- 
sition region is not yet reached. (The input voltage to 
gate #2 is still to the left of VILA max on the transfer 
curve.) 

In order to ever run the chance of switching gate #2, 
we would need an additional voltage, to move the input 


from VOLA max to VILA max: This constitutes the ‘safety 
factor’’ known as noise margin. It can be calculated as 
the magnitude of the difference between the two speci- 
fication voltages, or for the MECL 10K levels shown: 


NMLOW — VILA max ~ VOLA max 
— —1.475 V — (—1.630 V) 


— 155 mV. 
Similarly, for the HIGH state: 
NMHIGH — VOHA min — VIHA min 
— —0.980 V — (—1.105 V) 
— 125 mV 


Analogous results are obtained when considering the 
“NOR” transfer data. 

Note that these noise margins are absolute worst case 
conditions. The lessor of the two noise margins is that 
for the HIGH state, 125 mV. This then, constitutes the 
guaranteed margin against signal undershoot, and power 
or thermal disturbances. 

As shown in the table, typical noise margins are usually 
better than guaranteed — by about 75 mV. For MECL 10H 
the “noise margin” is 150 mV for NM low and NM high. 
(See Section 3 for details.) 

Noise margin is a dc specification that can be calcu- 
lated, since it is defined by specification points tabulated 
on MECL data sheets. However, by itself, this specifica- 
tion does not give a complete picture regarding the noise 
immunity of a system built with a particular set of circuits. 
Overall system noise immunity involves not only noise- 
margin specifications, but also other circuit-related fac- 
tors that determine how difficult it is to apply a noise 
signal of sufficient magnitude and duration to cause the 
circuit to propagate a false logic state. In general, then, 
noise immunity involves line impedances, circuit output 
impedances, and propagation delay in addition to noise- 
margin specifications. This subject to discussed in 
greater detail in the MECL System Design Handbook, 
HB205. 


FIGURE 8 — MECL Noise Margin Data 





-1.475 -1.105 


Give VOLA ma 


Output 





Gate 
Input 





VIHA min 


V Bp (switching threshold) 


Specification Points for Determining Noise Margin 


V . 
AV = High Noise { OHA min 
Margi 
a VIHA min* 
High 
State 
V * 
Low Noise 1LAmax 
AV = Margin ; 
VOLA max 


gon, “NOHA min = VOH min VOLA max = 
VOL max: VIHA min = VIH min and 
VILA max — VIL max for MECL 10H. 


Noise Margin Computations 


Guaranteed 
Worst-Case dc 
Noise Margin 


Typical dc 
Noise Margin 


MECL 10H 
MECL 10K 
MECL Ill 











~ AC OR SWITCHING PARAMETERS =_— 
Time-dependent specifications are those that define 
the effects of the circuit on a specified input signal, as it 
travels through the circuit. They include the time delay 
involved in changing the output level from one logic state 
to another. In addition, they include the time required for 
the output of a circuit to respond to the input signal, 


FIGURE 9 — TYPICAL LOGIC WAVEFORMS 


Overshoot \ 
Undershoot 


50% — 


ae Low Level 


t~ = tr 


High Level 


designated as propagation delay, MECL waveform and 
propagation delay terminologies are depicted in Figure 
9. Specific rise, fall, and propagation delay times are 
given on the data sheet for each specific functional block, 
but like the transfer characteristics, ac parameters are 
temperature and voltage dependent. Typical variations 
for MECL 10K are given in the curves of Figure 10. 










*tog = t-+tt+. 


tt = ty 


MECL Ill Rise and Fall Times | _ MECL 10K and MECL 10H Rise and Fall Times MECL Propagation Delay 


FIGURE 10a — TYPICAL PROPAGATION DELAY t- — versus _ 


~ Vee AND TEMPERATURE (MECL 10K) 
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FIGURE 10c — TYPICAL FALL TIME (90% to 10%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10K) 
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FIGURE 10b — TYPICAL PROPAGATION DELAY t+ + versus 
Vege AND TEMPERATURE (MECL 10K) 
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FIGURE 10d — TYPICAL RISE TIME (10% to 90%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10K) 
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SETUP AND HOLD TIMES 


Setup and hold times are two ac parameters which can 
easily be confused unless clearly defined. For MECL logic 
devices, tsetup is the minimum time (50% — 50%) before 
the positive transition of the clock pulse (C) that infor- 
mation must be present at the Data input (D) to insure 
proper operation of the device. The thojg is defined sim- 
ilarly as the minimum time after the positive transition 
of the clock pulse (C) that the information must remain 
unchanged at the Data input (D) to insure proper oper- 
ation. Setup and hold waveforms for logic devices are 
shown in Figure 11. 


FIGURE 11 — SETUP AND HOLD WAVEFORMS 
FOR MECL LOGIC DEVICES 





TESTING MECL 10H, MECL 10K AND MECL Ill 


To obtain results correlating with Motorola circuit spec- 
ifications certain test techniques must be used. A sche- 
matic of a typical gate test circuit is shown in Figure 12. 


This test circuit is the standard ac test configuration for 
most MECL devices. (Exceptions are shown with the 
device specification.) 

A solid ground plane is used in the test setup, and 
capacitors bypass Vcc1, Vcc2, and VEE pins to ground. 
Ali power leads and signal leads are kept as short as 
possible. 

The sampling scope interface runs directly to the 50- 
ohm inputs of Channel A and B via 50-ohm coaxial cable. 
Equal-length coaxial cables must be used between the 
test set and the A and B scope inputs. A 50-ohm coax 
cable such as RG58/U or RG188A/U, is recommended. 

Interconnect fittings should be 50-ohm GR, BNC, 
Sealectro Conhex, or equivalent. Wire length should be 
< Y% inch from TPjp to input pin and TPoyt to output pin. 

The pulse generator must be capabie of 2.0 ns rise and 
fall times for MECL 10K and 1.5 ns for MECL 10H and 
MECL Ill. In addition, the generator voltage must have an 
offset to give MECL signal swings of ~ +400 mV about 
a threshold of ~ +0.7 V when Vcc = +2.0 V and Veg 
= —3.2 V for ac testing of logic devices. 

The power supplies are shifted +2.0 V, so that the 
device under test has only one resistor value to load into 
the precision 50-ohm input impedance of the sampling 
oscilloscope. Use of this technique yields a close corre- 
lation between Motorola and customer testing. Unused 
outputs are loaded with a 50-ohm resistor (100-ohm for . 
MC105XX devices) to ground. The positive supply (Vcc) 
should be decoupled from the test board by RF type 25 uF 
capacitors to ground. The Vcc pins are bypassed to 
ground with 0.1 uF, as is the Veg pin. 

Additional information on testing MECL 10K and under- 
standing data sheets is found in Application Note AN701 
and the MECL System Design Handbook, HB205. 


FIGURE 12 — MECL LOGIC SWITCHING TIME TEST SETUP 


Channel A Channel B 
@ 
* Matched 50-ohm coax OR NOR 
* * 0.1 F-decouples fixture 
* * * 25 wF-dampens supply 
variations *Coax *Coax *Coax 


PULSETT 
GENERATOR 


ttPulse generator must be capable of rise 
and fall times of 2.0 ns for 10K and 
1.0 ns for 10H and MECL Iil. 





NOTE: All power supply levels | 
are shown shifted 2 volts 
positive. 
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SECTION Ill — OPERATIONAL DATA 


POWER SUPPLY CONSIDERATIONS 


MECL circuits are characterized with the Vcc point at 
ground potential and the Veg point at — 5.2 V. While this 
MECL convention is not necessarily mandatory, it does 
result in maximum noise immunity. This is so because 
any noise induced on the V_g line is applied to the circuit 
as a common-mode signal which is rejected by the dif- 
ferential action of the MECL input circuit. Noise induced 
into the Vcc line is not cancelled out in this fashion. 
Hence, a good system ground at the Vcc bus is required 
for best noise immunity. Also, MECL 10H circuits may be 
operated with Veg at —4.5 V with a negligible loss of 
noise immunity. 

Power supply regulation which will achieve 10% reg- 
ulation or better at the device level is recommended. The 
—5.2 V power supply potential will result in best circuit 
speed. Other values for VEE may be used. A more neg- 
ative voltage will increase noise margins at a cost of 
increased power dissipation. A less negative voltage will 
have just the opposite effect. (Noise margins and per- 
formance specifications of MECL 10H are unaffected by 
variations in Veg because of the internal voltage 
regulation.) | 

On logic cards, a ground plane or ground bus system 
should be used. A bus system should be wide enough 
to prevent significant voltage drops between supply and 
device and to produce a low source inductance. 

Although little power supply noise is generated by 


MECL logic, power supply bypass capacitors are rec- — 


ommended to handle switching currents caused by stray 
capacitance and asymmetric circuit loading. A parallel 
combination of a 1.0 wF and a 100 pF capacitor at the 
power entrance to the board, and a 0.01 «wF low-induct- 


ance capacitor between ground and the — 5.2 V line every © 


four to six packages, are recommended. 

Most MECL 10H, MECL 10K and MECL III circuits have 
two Vcc leads. Vcc supplies current to the output tran- 
sistors and Vcc2 is connected to the circuit logic tran- 
sistors. The separate Vcc pins reduce cross-coupling 
between individual circuits within a package when the 
outputs are driving heavy loads. Circuits with large drive 
capability, similar to the MC10110, have two Vcc} pins. 
All Vcc pins should be connected to the ground plane 
or ground bus as close to the package as possible. 


For further discussion of MECL power supply consid- 
erations to be made in system designing, see MECL Sys- 
tem Design Handbook, HB205. 


POWER DISSIPATION 


The power dissipation of MECL functional blocks is 
specified on their respective data sheets. This specifica- 
tion does not include power dissipated in the output 
devices due to output termination. The omission of inter- 
nal output pulldown resistors permits the use of external 
terminations designed to yield best system performance. 
To obtain total operating power dissipation of a particular 
functional block in a system, the dissipation of the output 
transistor, under load, must be added to the circuit power 
dissipation. 

The table in Figure 13 lists the power dissipation in the 
output transistors plus that in the external terminating 





resistors, for the more commonly used termination val- 
ues and circuit configurations. To obtain true package 
power dissipation, one output-transistor power-dissipa- 
tion value must be added to the specified package power 
dissipation for each external termination resistor used in 
conjunction with that package. To obtain system power 
dissipation, the stated dissipation in the external termi- 
nating resistors must be added as well. Unused outputs 
draw no power and may be ignored. . 


FIGURE 13 — AVERAGE POWER DISSIPATION IN OUTPUT 
CIRCUIT WITH EXTERNAL TERMINATING RESISTORS 


Output 
Transistor 
Power 
Dissipation 


Terminating 
Resistor 
Power 
Terminating Dissipation 

Resistor Value 


150 ohms to —2.0 Vdc 
100 ohms to —2.0 Vdc 
75 ohms to —2.0 Vdc 


50 ohms to —2.0 Vdc 
2.0 k ohms to VEE 
1.0 k ohm to VEE 


LOADING CHARACTERISTICS 


The differential input to MECL circuits offers several 
advantages. Its common-mode-rejection feature offers 
immunity against power-supply noise injection, and its 
relatively high input impedance makes it possible for any 
circuit to drive a relatively large number of inputs without 
deterioration of the guaranteed noise margin. Hence, dc 
fanout with MECL circuits does not normally present a 
design problem. 

Graphs showing typical output voltage levels as a func- 
tion of load current for MECL 10H, MECL 10K and MECL 
Ill shown in Figure 14. These graphs can be used to deter- 
mine the actual output voltages for loads exceeding nor- 
mal operation. 

While dc loading causes a change in output voltage 
levels, thereby tending to affect noise margins, ac loading 
increases the capacitances associated with the circuit 
and, therefore,. affects circuit speed, primarily rise and 
fall times. 

MECL circuits typically have a 7 ohm output impedance 
and a relatively unaffected by capacitive loading on a 
positive-going output signal. However, the negative- 
going edge is dependent on the output pulldown or ter- 
mination resistor. Loading close to a MECL output pin 
will cause an additional propagation delay of 0.1 ns per 
fanout load with a 50 ohm resistor to —2.0 Vdc or 270 
ohms to —5.2 Vde. A 100 ohm resistor to —2.0 Vdc or 


510 ohms to —5.2 Vdc results in an additional 0.2 ns 
propagation delay per fanout load. 

Terminated transmission line signal interconnections 
are used for best system performance. The propagation 
delay and rise time of a driving gate are affected very 
little by capacitance loading along a matched parallel- 
terminated transmission line. However, the delay and 
characteristic impedance of the transmission line itself 
are affected by the distributed capacitance. Signal prop- 
agation down the line will be increased by a factor, 
V1+Cq/Co. Here Cg is the normal intrinsic line capaci- 


FIGURE 14 — OUTPUT VOLTAGE LEVELS 
versus DC LOADING 
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tance, and Cg is the distributed capacitance due to load- 
ing and stubs off the line. 

Maximum allowable stub lengths for loading off of a 
MECL 10K transmission line vary with the line imped- 
ance. For example, with Zo = 50 ohms, maximum stub 
length would be 4.5 inches (1.8 in. for MECL III). But when 
Zo = 100 ohms, the maximum allowable stub length is 
decreased to 2.8 inches (1.0 in. for MECL Ill). 

The input loading capacitance of aMECL 10H and MECL 
10K gate is about 2.9 pF and 3.3 pF for MECL Ill. To allow 
for the IC connector or solder connection and a short stub 
length, 5 to 7 pF is commonly used in loading 
calculations. 


UNUSED MECL INPUTS 


The input impedance of a differential amplifier, as used 
in the typical MECL input circuit, is very high when the 
applied signal level is low. Under low-signal conditions, 
therefore, any leakage to the input capacitance of the gate 
could cause a gradual buildup of voltage on the input 
lead, thereby adversely affecting the switching charac- 
teristics at low repetition rates. 

All single-ended input MECL logic circuits contain input 
pulldown resistors between the input transistor bases 
and Veg. As a result, unused inputs may be left uncon- 
nected (the resistor provides a sink for ICBO leakage cur- 
rents, and inputs are held sufficiently negative that cir- 
cuits will not trigger due to noise coupled into such 
inputs). Input pulldown resistor values are typically 50 kO, 
and are not to be used as pulldown resistors for preced- 
ing Open-emitter outputs. 

Some MECL devices do not have input pulldowns. 
Examples are the differential line receivers. If a single 
differential receiver within a package is unused, one input 
of that receiver must be tied to the Vpp pin provided, 
and the other input goes to Veg or is left open. 

MECL circuits do not operate properiy when inputs are 
connected to Vcc for a HIGH logic level. Proper design 
practice is to set a HIGH level as about — 0.9 volts below 
Vcc with a resistor divider, a diode drop, or an unused 
gate output. 








SECTION IV — SYSTEM DESIGN CONSIDERATIONS 


THERMAL MANAGEMENT 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are im- 
proved by keeping the IC junction temperatures low: 

Electrical power dissipated in any integrated circuit is 
a source of heat. This heat source increases the temper- 
ature of the die relative to some reference point, normally 
the ambient temperature of 25°C in still air. The temper- 
ature increase, then, depends on the amount of power 
dissipated in the circuit and on the net thermal resistance 
between the heat source and the reference point. | 

The temperature at the junction is a function of the 
packaging and mounting system’s ability to remove heat 
generated in the circuit — from the junction region to the 
ambient environment. The basic formula (a) for convert- 
ing power dissipation to estimated junction temperature 
is: 


Ty = Ta + Ppldjc + Oca) (1) 
or a 
Ty = Ta + Pplé@ya) (2) 
where 
Ty = maximum junction temperature 
TA = = maximum ambient temperature 


Pp = = calculated maximum power dissipation 
including effects of external loads (see 
Power Dissipation in section Ili). 

0jC = average thermal resistance, junction to case 

OCA = average thermal resistance, case to ambient 

6jA = average thermal resistance, junction to 


ambient 


This Motorola recommended formula has been ap- 
proved by RADC and DESC for calculating a “practical” 
maximum operating junction temperature for MIL-M- 
38510 (JAN) MECL 10K devices. 


Only two terms on the right side of equation (1) can be 
varied by the user — the ambient temperature, and the 
device case-to-ambient thermal resistance, 6c. (To 
some extent the device power dissipation can be also 
controlled, but under recommended use the Veg supply 
and loading dictate a fixed power dissipation.) Both sys- 
tem air flow and the package mounting technique affect 
the 6ca thermal resistance term. 6jc is essentially in- 
dependent of air flow and external mounting method, 
but is sensitive to package material, die bonding method, 
and die area. 


FIGURE 15 — THERMAL RESISTANCE VALUES FOR STANDARD MECL I/C PACKAGES 


Thermal Hesetance in Still Air 









Package Description 


No. Body Body 
Leads Style Material 





1/4"x3/8" 
1/4"x3/8" 
1/4"x1/4" 
1/4"x3/4" 
1/4"x3/4" 
1/4"x3/8" 
1/4"x3/4" 
1/4"x3/4" 
0.35"x0.35" 
3/8"x5/8” 
1/2"x1-1/4" 
1/2"x1-1/4" 
0.45"x0.45" 


EPOXY 
SILVER/GLASS 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 

EPOXY 


owe ) rome ) 
°C/Watt °C/Watt 
Die Area Flag Area 

pond | (Sq. Mit) | (Sq. Mie cw aes 


12100 
N/A 
14,400 
N/A 
22500 
N/A 
28,900 


1. All plastic packages use copper lead frames — ceramic packages use alloy 42 frames. 


2. Body style DIL is “Dual-In-Line.” 
3. Standard Mounting Methods: 


a. Dual-In-Line In Socket or P/C board with no contact between bottom of package and socket or P/C board. 
b. Flat Pack — Bottom of package in direct contact with non-metallized area of P/C board. 
c. PLCC packages solder attached to traces on 2.24” x 2.24” x 0.062” FR4 type glass epoxy board with 1 0z./S.F. copper (solder coated) 


mounted to tester with 3 leads of 24 gauge copper wire. 
4. Case Outline 649 
5. Case Outline 623 


To - T 
6. BC = 8A — (7o—74) 


Tc = Case Temperature (determined by thermocouple) 





For applications where the case is held at essentially a 
fixed temperature by mounting on a large or tempera- 
ture-controlled heatsink, the estimated junction temper- 
ature is calculated by: 

Ty = Tc + Pp (8Jc) (3) 
where Tc = maximum case temperature and the other 
parameters are as previously defined. 

The maximum and average thermal resistance values 
for standard MECL IC packages are given in Figure 15. In 
Figure 16, this basic data is converted into graphs show- 
ing the maximum power dissipation allowable at various 
ambient temperatures (still air) for circuits mounted in 
the different packages, taking into account the maximum 
permissible operating junction temperature for long term 
life (= 100,000 hours for ceramic packages). 


AIR FLOW 


The effect of air flow over the packages on 6 ja (due 
to a decrease in 6c) is illustrated in the graphs of Figure 
17. This air flow reduces the thermal resistance of the 
package, therefore permitting a corresponding increase 
in power dissipation without exceeding the maximum 
permissible operating junction temperature. 


FIGURE 16A — AMBIENT TEMPERATURE DERATING CURVES 
(CERAMIC DUAL-IN-LINE PACKAGE) 


Alumina Ceramic for 
All Packages 






As an example of the use of the information above, the 
maximum junction temperature for a 16 lead ceramic 
dual-in-line packaged MECL 10K quad OR/NOR gate 
(MC10101L) loaded with four 50 ohm loads can be cal- 
culated. Maximum total power dissipation (including 4 
output loads) for this quad gate is 195 mW. Assume for 
this thermal study that air flow is 500 linear feet per min- 
ute. From Figure 17, 6ja is 50°C/W. With Ta (air flow 
temperature at the device) equal to 25°C, the following 
maximum junction temperature results: 

Ty = Pp (@jA) + Ta 
Ty = (0.195 W) (50°C/W) + 25°C = 34.8°C 

Under the above operating conditions, the MECL 10K 
quad gate has its junction elevated above ambient tem- 
perature by only 9.8°C. 

Even though different device types mounted on a 
printed circuit board may each have different power dis- 
sipations, all will have the same input and output levels 
provided that each is subject to identical air flow and the 
same ambient air temperature. This eases design, since 
the only change in levels between devices is due to the 
increase in ambient temperatures as the air passes over 
the devices, or differences in ambient temperature 
between two devices. 


FIGURE 17A — AIRFLOW versus THERMAL RESISTANCE 
(CERAMIC DUAL-IN-LINE PACKAGE) 
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FIGURE 17B — AIRFLOW versus THERMAL RESISTANCE 
(CERAMIC FLAT PACKAGE) 


FIGURE 16B — AMBIENT TEMPERATURE DERATING CURVES 
(CERAMIC FLAT PACKAGE) 
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FIGURE 16C — AMBIENT TEMPERATURE DERATING CURVES 
(PLASTIC DUAL-IN-LINE PACKAGE) 
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FIGURE 16D — AMBIENT TEMPERATURE DERATING CURVES 
(PLCC PACKAGE) 
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FIGURE 18 — THERMAL GRADIENT OF JUNCTION 
TEMPERATURE 
(16-Pin MECL Dual-in-Line Package) 
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Devices mounted on 0.062” PC board with Z axis spacing of 0.5”. 
Air flow is 500 Ifpm along the Z axis. 


The majority of MECL 10H, MECL 10K, and MECL Ill 
users employ some form of air-flow cooling. As air passes 
over each device on a printed circuit board, it absorbs 
heat from each package. This heat gradient from the first 
package to the last package is a function of the air flow 
rate and individual package dissipations. Figure 18 pro- 
vides gradient data at power levels of 200 mW, 250 mW, 
300 mW, and 400 mW with an air flow rate of 500 Ifpm. 
These figures show the proportionate increase in the 
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FIGURE 17C — AIRFLOW versus THERMAL RESISTANCE 
(PLASTIC DUAL-IN-LINE PACKAGE) 
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FIGURE 17D — AIRFLOW versus THERMAL RESISTANCE 
(PLCC PACKAGE) » . 
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junction temperature of each dual-in-line package as the 
air passes over each device. For higher rates of air flow 
the change in junction temperature from package to pack- 
age down the airstream will be lower due to greater 
cooling. 


OPTIMIZING THE LONG TERM RELIABILITY OF 
PLASTIC PACKAGES 


Todays plastic integrated circuit packages are as reli- 
able as ceramic packages under most environmental con- 
ditions. However when the ultimate in system reliability 
is required, thermal management must be considered as 
a prime system design goal. 

Modern plastic package assembly technology utilizes 
gold wire bonded to aluminum bonding pads throughout 
the electronics industry. When exposed to high temper- 
atures for protracted periods of time an intermetallic 
compound can form in the bond area resulting in high 
impedance contacts and degradation of device perfor- 
mance. Since the formation of intermetallic compounds 
is directly related to device junction temperature, it is 
incumbent on the designer to determine that the device 
junction temperatures are consistent with system relia- 
bility goals. 


Predicting Bond Failure Time: 


Based on the results of almost ten (10) years of + 125°C 
operating life testing, a special arrhenius equation has 
been developed to show the relationship between junc- 
tion temperature and reliability. 


11554.267 | 


= -3X)e | —————_ 
(1) T = (6.376 x 10-)e la i 


= Time in hours to 0.1% bond failure (1 failure 
per 1,000 bonds). 
Ty = Device junction temperature, °C. 


Where: T 


And: 
(2)Ty = Ta + PpdJa = Ta + ATY 
Where: Tj = Device junction temperature, °C. 


Ta = Ambient temperature, °C. 

Pp = Device power dissipation in watts. 

6JA = Device thermal resistance, junction to air, 
°C/Watt. 

ATy = Increase in junction temperature due to 


on-chip power dissipation. 


Table 1 shows the relationship between junction tem- 
perature, and continuous operating time to 0.1% bond 
failure, (1 failure per 1,000 bonds). 


TABLE 4 — DEVICE JUNCTION TEMPERATURE versus 
TIME TO 0.1% BOND FAILURES. 


ee 
0 [970i 
ee 
0 tami 


Table 4 is graphically illustrated in Figure 19 which 
shows that the reliability for plastic and ceramic devices 
are the same until elevated junction temperatures 
induces intermetallic failures in plastic devices. Early and 
mid-life failure rates of plastic devices are not effected 
by this intermetallic mechanism. 
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MECL Junction Temperatures: 


Power levels have been calculated for a number of 
MECL 10K and MECL 10H devices in 20 pin plastic leaded 
chip carriers and translated to the resulting increase of 
junction temperature (ATy) for still air and moving air at 
500 LFPM using equation 2 and are shown in Table 5. 


TABLE 5 — INCREASE IN JUNCTION TEMPERATURE DUE TO 
/C POWER DISSIPATION. 
20 PIN PLASTIC LEADED CHIP CARRIER 





MECL 10K ATy,°C MECL 10H ATy,°C 
Device ATy,°C 500 LFPM Device ATy,°C 500 LFPM 
Type Still Air Air Type Still Air Air 
MC10100 16.2 10.5 MC10H016 48.0 30.0 
MC10101 21.8 14.1 MC10H100 16.6 10.8 
MC10102 17.6 11.4 | MC10H101 22.1 14.5 
MC10103 17.6 11.4 MC10H102 18.0 11.8 
MC10104 20.8 13.4 MC10H103 18.0 11.8 
MC10105 17.2 11.2 MC10H104 21.0 13.5 
MC10106 13.0 8.4 MC10H105 17.8 11.7 
MC10107 19.8 12.8 MC10H106 13.2 8.7 
MC10109 11.7 7.7 MC10H107 20.0 12.9 
MC10110 24.7 16.1 MC10H109 11.9 7.8 
MC10111 24.7 16.1 MC10H113 22.8 14.8 
MC10113 22.2 14.3 MC10H115 16.7 10.9 
MC10114 22.6 14.6 MC10H116 17.8 11.7 
MC10115 16.7 10.9 MC10H117 16.7 11.0 
MC10116 17.2 11.1 MC10H118 13.8 9.0 
MC10117 16.2 10.5 MC10H119 12.5 8.2 
MC10118 13.4 8.7 MC10H121 13.9 9.1 
MC10119 12.1 7.8 MC10H123 23.1 15.0 
MC10121 13.5 8.5 MC10H124 44.2 28.4 
MC10123 37.6 24.0 MC10H125 — — 
MC10124 42.9 27.3 MC10H130 19.7 12.7 
MC10125 — — MC10H131 28.2 18.2 
MC10130 19.6 12.6 MC10H135 33.2 21.4 
MC10131 26.9 17.1 MC10H136 61.7 38.5 
MC10133 34.4 21.9 MC10H141 44.3 28.0 
MC10134 27.0 17.2 MC10H145 59.4 36.9 
MC10135 31.9 20.3 MC10H158 25.3 16.4 
MC10136 52.3 32.6 MC10H159 27.3 177 
MC10138 37.0 23.2 MC10H160 32.1 20.5 
MC10141 42.7 26.7 MC10H161 41.5 26.7 
MC10153 34.4 21.9 MC10H162 41.5 26.7 
MC10158 23.9 15.2 MC10H164 31.9 20.6 
MC10159 25.8 16.4 MC10H165 56.3 35.8 
MC10160 32.0 20.4 MC10H166 44,4 28.3 
MC10161 40.7 26.0 MC10H171 41.9 26.9 
MC10162 40.7 26.0 MC10H172 41.9 26.9 
MC10164 31.3 20.1 MC10H173 32.6 21.1 
MC10165 53.7 33.6 MC10H174 32.5 21.0 
MC10166 43.5 27.6 MC10H175 45.9 29.6 
MC10168 34.4 21.9 MC10H176 50.9 32.3 
MC10170 29.9 18.9 MC10H179 35.0 22.6 
MC10171 41.1 26.2 MC10H180 42.4 27.2 
MC10172 41.1 26.2 MC10H1814 = 64.4 38.6 
MC10173 30.5 19.3 MC10H186 50.2 31.8 
MC10174 31.9 20.5 MC10H188 25.8 16.7 
MC10175 43.7 27.6 MC10H189 25.8 16.7 
MC10176 49.6 31.3 MC10H209 18.9 12.5 
MC10178 38.1 23.9 MC10H210 25.0 16.4 
MC10186 49.6 31.1 MC10H211_ - 25.0 16.4 
MC10188 25.4 16.4 MC10H3304 65.8 36.1 
MC10189 24.6 15.9 MC10H332 52.2 33.5 
MC10190 25.5 16.2 MC10H334 77.8 49.3 
MC10192 67.0 43.0 MC10H350 — _ 
MC10195 46.7 29.9 MC10H423 31.3 20.3 
MC10197 27.7 17.7 MC10H424 37.7 24.3 
MC10198 21.2 13.4 
MC10210 24.5 16.0 
MC10211 24.6 16.0 
MC10212 24.3 15.8 
MC10216 24.1 15.6 
MC10231 30.6 19.5 
NOTES: 


(1) All ECL outputs are loaded with a 50 © resistor and assumed 
operating at 50% duty cycle. 

(2) ATy for ECL to TTL translators are excluded since the supply 
current to the TTL section is dependent on frequency, duty cycle 
and loading. 

(3) Thermal Resistance (@j4) measured with PLCC packages solder 
attached to traces on 2.24” x 2.24” x 0.062” FR4 type glass epoxy 
board with 1 0z./sq. ft. copper (solder-coated) mounted to tester 
with 3 leads of 24 gauge copper wire. 

(4) 28 lead PLCC. 

















Case Example: 


After the desired system failure rate has been estab- 
lished for failure mechanisms other than intermetallics, 
each plastic device in the system should be evaluated for 
maximum junction temperature using Table 5. Knowing 
the maximum junction temperature refer to Table 4 or 
Equation 1 to determine the continuous operating time 
required to 0.1% bond failures due to intermetallic for- 
mation. At this time, system reliability departs from the 
desired value as indicated in Figure 19. 

To illustrate, assume that system ambient air temper- 
ature is 55°C (an accepted industry standard for evalu- 
ating system failure rates). Reference is made to Table 5 
to determine the maximum junction temperature for each 
device for still air and transverse air flow of 500 LFPM. 

Adding the 55°C ambient to the highest ATy listed, 
77.8°C (for the MC10H334 with no air flow), gives a max- 
imum junction temperature of 132.8°C. Reference to 
Table 4 indicates a departure from the desired failure rate 
after about 2 years of constant exposure to this junction 
temperature. If 500 LFPM of air flow is utilized, maximum 
junction temperature for this device is reduced to 104.3°C 
for which Table 4 indicates an increased failure rate in 
about 15 years. 

Air flow is one method of thermal management which 
should be considered for system longevity. Other com- 
monly used methods include heat sinks for higher pow- 
ered devices, refrigerated air flow and lower density 
board stuffing. 

The material presented here emphasizes the need to 
consider thermal management as an integral part of sys- 
tem design and also the tools to determine if the man- 
agement methods being considered are adequate to pro- 
duce the desired system reliability. 


THERMAL EFFECTS ON NOISE MARGIN 


The data sheet dc specifications for standard MECL 10K 
and MECL Ill devices are given for an operating temper- 
ature range from — 30°C to + 85°C (0° to + 75°C for MECL 
10H and memories). These values are based on having 
an airflow of 500 Ifpm over socket or P/C board mounted 
packages with no special heatsinking (i.e., dual-in-line 
package mounted on lead seating plane with no contact 
between bottom of package and socket or P/C board and 
flat package mounted with bottom in direct contact with 
non-metallized area of P/C board). 

The designer may want to use MECL devices under 
conditions other than those given above. The majority of 
the low-power device types may be used without air and 
with higher 6ja. However, the designer must bear in 
mind that junction temperatures will be higher for higher 
6 JA, even though the ambient temperature is the same. 
Higher junction temperatures will cause logic levels to 
shift. 

As an example, a 300 mW 16 lead dual-in-line ceramic 
device operated at ja = 100°C/W (in still air) shows a 
HIGH logic level shift of about 21 mV above the HIGH 
logic level when operated with 500 Ifpm air flow and a 
0 JA = 50°CW. (Level shift = ATy x 1.4 mV/C). 

If logic levels of individual devices shift by different 
amounts (depending on Pp and 6 ja), noise margins are 


somewhat reduced. Therefore, the system designer must 
lay out his system bearing in mind that the mounting 
procedures to be used should minimize thermal effects 
on noise margin. 7 

The following sections on package mounting and heat- 
sinking are intended to provide the designer with suffi- 
cient information to insure good noise margins and high 
reliability in MECL system use. 


MOUNTING AND HEATSINK SUGGESTIONS 


With large high-speed logic systems, the use of mul- 
tilayer printed circuit boards is recommended to provide 
both a better ground plane and a good thermal path for 
heat dissipation. Also, a multilayer board allows the use 
of microstrip line techniques to provide transmission line 
interconnections. 

Two-sided printed circuit boards may be used where 
board dimensions and package count are small. If pos- 
sible, the Vcc ground plane should face the bottom of 
the package to form the thermal conduction plane. If sig- 
nal lines must be placed on both sides of the board, the 
Veg plane may be used as the thermal plane, and at the 
same time may be used as a pseudo ground plane. The 
pseudo ground plane becomes the ac ground reference 
under the signal lines placed on the same side as the 
Vcc ground plane (now on the opposite side of the board 
from the packages), thus maintaining a microstrip signal 
line environment. 

Two-ounce copper P/C board is recommended for ther- 
mal conduction and mechanical strength. Also, mounting 
holes for low power devices may be countersunk to allow 
the package bottom to contact the heat plane. This tech- 
nique used along with thermal paste will provide good 
thermal conduction. 

Printed channeling is a useful technique for conduction 
of heat away from the packages when the devices are 
soldered into a printed circuit board. As illustrated in 
Figure 20, this heat dissipation method could also serve 
as VEF voltage distribution or as a ground bus. The chan- 
nels should terminate into channel strips at each side or 
the rear of a piug-in type printed circuit board. The heat 
can then be removed from the circuit board, or board 
slide rack, by means of wipers that come into thermal 
contact with the edge channels. 


FIGURE 20 — CHANNEL/WIPER HEATSINKING ON 
DOUBLE LAYER BOARD 


Channel 





For operating some of the higher power device types* 
in 16 lead dual-in-line packages in still air, requiring 0)A 
<100°C/W, a suitable heatsink is the IERC LIC-214A2WCB 
shown in Figure 21. This sink reduces the still air 0), to 
around 55°C/W. By mounting this heatsink directly on a 
copper ground plane (using silicone paste) and passing 
500 Ifpm air over the packages, 8), is reduced to approx- 
imately 35°C/W, permitting use at higher ambient tem- 
peratures than +85°C (+ 75°C for MECL 10H memories) 
or in lowering Ty for improved reliability. 


FIGURE 21 — MECL HIGH-POWER DUAL-IN-LINE PACKAGE 
MOUNTING METHOD 
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It should be noted that the use of a heatsink on the top 
surface of the dual-in-line package is not very effective 
in lowering the 6),. This is due to the location of the die 
near the bottom surface of the package. Also, very little 
(< 10%) of the internal heat is withdrawn through the 
package leads due to the isolation from the ceramic by 
the solder glass seals and the limited heat conduction 
from the die through 1.0 to 1.5 mil aluminum bonding 
wires. 


INTERFACING MECL TO SLOWER LOGIC TYPES 


MECL circuits are interfaceable with most other logic 
forms. For MECL/TTL/DTL interfaces, when MECL is oper- 
ated at the recommended —5.2 volts and TTL/DTL at 
+5.0 V supply, currently available translator circuits, such 
as the MC10124 and MC10125, may be used. . 

For systems where a dual supply (—5.2 V and +5 V) 
is not practical, the MC10H350 includes four single supply 
MECL to TTL translators, or a discrete component trans- 
lator can be designed. For details, see MECL System 
Design Handbook (HB205). Such circuits can easily be 
made fast enough for any available TTL. 


* 10128, 10129, 10136, 10H136, 10137, 10177, 10182, and 10804, Max 


Pp > 800 mW. 
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MECL also interfaces readily with MOS. With CMOS 
operating at +5 V, any of the MECL to TTL translators 
works very well. 

Specific circuitry for use in interfacing MECL families 
to other logic types is given in detail in the MECL System 
Design Handbook. 

Complex MECL 10K devices are presently available for 
interfacing MECL with MOS logic, MOS memories, TTL 
three-state circuits, and IBM bus logic levels. See Appli- 
cation Note AN-720 for additional interfacing 
information. 


CIRCUIT INTERCONNECTIONS 


Though not necessarily essential, the use of multilayer 
printed circuit boards offers a number of advantages in 
the development of high-speed logic cards. Not only do 
multilayer boards achieve a much higher package den- 
sity, interconnecting leads are kept shorter, thus mini- 
mizing propagation delay between packages. This is par- 
ticularly beneficial with MECL Ill which has relatively fast 
(1 ns) rise and fall times. Moreover, the unbroken ground 
planes made possible with multilayer boards permit 
much more precise control of transmission line imped- 
ances when these are used for interconnecting purposes. 
Thus multilayer boards are recommended for MECL Ill 
layouts and are justified when operating MECL 10H and 
MECL 10K at top circuit speed, when high-density pack- 
aging is a requirement, or when transmission line inter- 
connects are used. 

Point-to-point back-plane wiring without matched line 
terminations may be employed for MECL interconnec- 
tions if line runs are kept short. At MECL 10K speeds, this 
applies to line runs up to 6 inches, for MECL 10H and 
MECL Ill up to 1 inch (Maximum open wire lengths for 
less than 100 mV undershoot). But, because of the open- 
emitter outputs of MECL 10H, MECL 10K and MECL Ill 
circuits, pull-down resistors are always required. Several 
ways of connecting such pull-down resistors are shown 
in Figure 22. 

Resistor values for the connection in Figure 22a may 
range from 270 ohms to kQ. depending on power and 
load requirements. (See MECL System Design Hand- 
book.) Power may be saved by connecting pull-down 
resistors in the range of 50 ohms to 150 ohms, to 
— 2.0 Vdc, as shown in Figure 22b. Use of a series damp- 
ing resistor, Figure 22c, will extend permissible lengths 
of unmatched-impedance interconnections, with some 
loss of edge speed. 

With proper choice of the series damping resistor, line 
lengths can be extended to any length,** while limiting 
overshoot and undershoot to a predetermined amount. 
Damping resistors usually range in value from 10 ohms 
to 100 ohms, depending on the line length, fanout, and 
line impedance, the open emitter-follower outputs of 
MECL 10H, MECL IIl and MECL 10K give the system 
designer all possible line driving options. 

One major advantage of MECL over saturated logic is 
its capability for driving matched-impedance transmis- 
sion lines. Use of transmission lines retains signal integ- 
rity over long distances. The MECL 10H and MECL 10K 
emitter-follower output transistors will drive a 50-ohm 
transmission line terminated to —2.0 Vdc. This is the 
equivalent current load of 22 mA in the HIGH logic state 
and 6 mA in the LOW state. 


** Limited only by line attenuation and band-width characteristics. 








Parallel termination of transmission lines can be done 
in two ways. One, as shown in Figure 23a, uses a single 
resistor whose value is equal to the impedance (Z,) of 
the line. A terminating voltage (Vt7) of —2.0 Vdc must 
be supplied to the terminating resistor. 

Another method of parallel termination uses a pair of 
resistors, R1 and R2. Figure 23b illustrates this method. 
The following two equations are used to calculate the 
values of R1 and R2: 


R1 = 
R2 = 


1.6 Zo 
2.6 Zo 


Another popular approach is the series-terminated 
transmission line (see Figure 23). This differs from par- 
allel termination in that only one-half the logic swing is 
propagated through the lines. The logic swing doubles 
at the end of the transmission line due to reflection on 
an open line, again establishing a full logic swing. 


FIGURE 22 — PULL-DOWN RESISTOR TECHNIQUES 


To maintain clean wave fronts, the input impedance 
of the driven gate must be much greater than the char- 
acteristic impedance of the transmission line. This con- 
dition is satisfied by MECL circuits which have high 
impedance inputs. Using the appropriate terminating 
resistor (Rs) at point A (Figure 24), the reflections in 
the transmission line will be terminated. 


FIGURE 23a — PARALLEL TERMINATED LINE 


Vr ©2.0 v) 
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FIGURE 23b — PARALLEL TERMINATION — THEVENIN 
| EQUIVALENT 





The advantages of series termination include ease of 
driving multiple series-terminated lines, low power con- 
sumption, and low cross talk between adjacent lines. The 
disadvantage of this system is that loads may not be 
distributed along the transmission line due to the one- 
half logic swing present at intermediate points. 

For board-to-board interconnections, coaxial cable 
may be used for signal conductors. The termination tech- 
niques just discussed also apply when using coax. Coax- 
ial cable has the advantages of good noise immunity and 
low attenuation at high frequencies. 

Twisted pair lines are one of the most popular methods 
of interconnecting cards or panels. The complementary 
outputs of any MECL function may be connected to one 
end of the twisted pair line, and any MECL differential 
line receiver to the other as shown in the example, Figure 
25. Rt is used to terminate the twisted pair line. The 1 to 
1.5 V common-mode noise rejection of the line receiver 
ignores common-mode cross talk, permitting multiple 
twisted pair lines to be tied into cables. MECL signals 
may be sent very long distances (> 1000 feet) on twisted 
pair, although line attenuation will limit bandwidth, 
degrading edge speeds when long line runs are made. 

If timing is critical, parallel signals paths (shown in 
Figure 26) should be used when fanout to several cards 
is required. This will eliminate distortion caused by long 
stub lengths off a signal path. 

Wire-wrapped connections can be used with MECL 
10K. For MECL Ill and MECL 10H, the fast edge speeds 
(1 ns) create a mismatch at the wire-wrap connections 
which can cause reflections, thus reducing noise immu- 
nity. The mismatch occurs also with MECL 10K, but the 
distance between the wire-wrap connections and the end 
of the line is generally short enough so the reflections 
cause no problem. 


Series damping resistors may be used with wire- 
wrapped lines to extend permissible backplane wiring 
lengths. Twisted pair lines may be used for even longer 
distances across large wire-wrapped cards. The twisted 
pair gives a more defined characteristic impedance (than 
a single wire), and can be connected either single-ended, 
or differentially using a line receiver. 

The recommended wire-wrapped circuit cards have a 
ground plane on one side and a voltage plane on the 
other side to insure a good ground and a stable voltage 
source for the circuits. In addition, the ground plane near 
the wire-wrapped lines lowers the impedance of those 
lines and facilitates terminating the line. Finally, the 
ground plane serves to minimize cross talk between par- 
allel paths in the signal lines. Point-to-point wire routing 
is recommended because cross talk will be minimized 
and line lengths will be shortest. Commercial wire-wrap 
boards designed for MECL 10K are available from several 
vendors. 


FIGURE 25 — TWISTED PAIR LINE DRIVER/RECEIVER 





FIGURE 26 — PARALLEL FANOUT TECHNIQUES 


Card A 
Card B 


Card C 


Ry = Z, (each) 


*Multiple output gate eg MC10110 V7 
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Microstrip and Stripline 


Microstrip and stripline techniques are used with 
printed circuit boards to form transmission lines. Micro- 
strip consists of a constant-width conductor on one side 
of a circuit board, with a ground plane on the other side 
(shown in Figure 27). The characteristic impedance is 
determined by the width and thickness of the conductor, 
the thickness of the circuit board, and the dielectric con- 
stant of the circuit board material. 


FIGURE 27 — PC INTERCONNECTION LINES FOR 
USE WITH MECL 


€,= 1 (Air) 
4 


€,= 45 
Epoxy Glass 


Epoxy Glass 





Stripline is used with multilayer circuit boards as 
shown in Figure 27. Stripline consists of a constant-width 
conductor between two ground planes. 

Refer to MECL System Design Handbook for a full dis- 
cussion of the properties and use of these. 


CLOCK DISTRIBUTION 


Clock distribution can be a system problem. At MECL 
10K speeds, either coaxial cable or twisted pair line (using 
the MC10101 and MC10115) can be used to distribute 
clock signals throughout a system. Clock line lengths 
should be controlled and matched when timing could be 
critical. Once the clocking signals arrive on card, a tree 
distribution should be used for large-fanouts at high fre- 
quency. An example of the application of the technique 
is shown in Figure 28. 

Because of the very high clock rates encountered in 
MECL Ill systems, rules for clocking are more rigorous 
than in slower systems. 

The following guidelines should be followed for best 
results: 


A. On-card Synchronous Clock Distribution via 
Transmission Line 


1. Use the NOR output in developing clock chains or 
trees. Do not mix OR and NOR outputs in the chain. 

2. Use balanced fanouts on the clock drivers. 

3. Overshoot can be reduced by using two parallel drive 
lines in place of one drive line with twice the lumped 
load. 





FIGURE 28 — 64 FANOUT CLOCK DISTRIBUTION 
(PROPER TERMINATION REQUIRED) 


Fan-Out = 4 Each 


On Card 


> 
> 
ee 
> 
SS 
> 
> 
2 
Se 
> 
eS 
> 
> 
S 
> 
Be 





4. To minimize clock skewing problems on synchron- 
ous sections of the system, line delays should be matched 
to within 1 ns. 

5. Parallel drive gates should be used when clocking 
repetition rates are high, or when high capacitance loads 
occur. The bandwidth of a MECL Ill gate may be extended 
by paralleling both halves of a dual gate. Approximately 
40 or 50 MHz bandwidth can be gained by paralleling two 
or three clock driver gates. 

6. Fanout limits should be applied to clock distribution 
drivers. Four to six loads should be the maximum load 
per driver for best high speed performance. Avoid large 
lumped loads at the end of lines greater than 3 inches. 
A lumped load, if used, should be four or fewer loads. 

7. For wire-OR (emitter dotting), two-way lines (busses) 
are recommended. To produce such lines, both ends of 
a transmission line are terminated with 100-ohms imped- 
ance. This method should be used when wire-OR con- 
nections exceed 1 inch apart on a drive line. 
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B. Off-Card Clock Distribution 


1. The OR/NOR outputs of an MC1660 may be used to 
drive into twisted pair lines or into flat, fixed-impedance 
ribbon cable. At the far end of the twisted pair on MC1692 
differential line receiver is used. The line should be ter- 
minated as shown in Figure 25. This method not only 
provides high speed, board-to-board clock distribution, 
but also provides system noise margin advantages. Since 
the line receiver operates independently of the Vgp ref- 
erence voltage (differential inputs) the noise margin from 
board to board is also independent of temperature 
differentials. | 


LOGIC SHORTCUTS 


MECL circuitry offers several logic design conve- 
niences. Among these are: 

1. Wire-OR (can be produced by wiring MECL output 
emitters together outside packages). 

2. Complementary Logic Outputs (both OR and NOR 
are brought out to package pins in most cases). 

An example of the use of these two features to reduce 
gate and package count is shown in Figure 29. 

The connection shown saves several gate circuits over 
performing the same functions with non-ECL type logic. 
Also, the logic functions in Figure 29 are all accomplished 
with one gate propagation delay time for best system 
speed. Wire-ORing permits direct connections of MECL 
circuits to busses. (MECL System Design Handbook and 
Application Note AN-726). 

Propagation delay is increased approximately 50 ps per 
wire-OR connection. In general, wire-OR should be lim- 
ited to 6 MECL outputs to maintain a proper LOW logic 
level. The MC10123 is an exception to this rule because 
it has a special Vo, level that allows very high fanout on 
a bus or wire-OR line. The use of a single output pull- 
down resistor is recommended per wire-OR, to econo- 
mize on power dissipation. However, two pull-down 
resistors per wired-OR can improve fall times and be used 
for double termination of busses. 

Wire-OR should be done between gates in a package 
or nearby packages to avoid spikes due to line propa- 
gation delay. This does not apply to bus lines which acti- 
vate only one driver at a time. 


FIGURE 29 — USE OF WIRE-OR AND 
COMPLEMENTARY OUTPUTS 


AB + CD 









Rp 


C+Dt+E+Ft+G 
Rp 
A+BtE+F+G 


MC10105 Rp 


SYSTEM CONSIDERATIONS — A SUMMARY OF RECOMMENDATIONS 


MECL 10H MECL 10K MECL Ill 
Power Supply Regulation +5% (1) 10% (2) 10% (2) 
On-Card Temperature Gradient 20°C Less Than 25°C Less Than 25°C 


Leave Open (3) Leave Open (3) 


Maximum Non-Transmission Line Length 
(No Damping Resistor) 


Unused Inputs Leave Open (3) 


PC Board Multilayer Standard 2-Sided or Multilayer 
Multilayer 


Cooling Requirements 500 Ifpm Air 500 Ifpm Air 500 Ifpm Air 


Bus Connection Capability Yes (Wire-OR) Yes (Wire-OR) Yes (Wire-OR) 
Maximum Twisted Pair Length Limited By Cable Limited by Cable Limited by Cable 
(Differential Drive) Response Only, Response Only, Response Only, 
Usually Usually Usually 











>1000' > 1000’ > 1000’ 


The Ground Plane to Occupy Percent >75% >50% >75% 
Area of Card 


Wire Wrap may be used Not Recommended Not Recommended 


(1) All dc and ac parameters guaranteed for Veg = —5.2 V + 5%. 
(2) At the devices (functional only). 
(3) Except special functions without input pull-down resistors. 
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PACKAGE OUTLINE DIMENSIONS 


A letter suffix to the MECL logic function part number is used to specify the package style (see drawings below). See 
appropriate selector guide for specific packaging available for a given device type. 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIM F MAY NARROW TO 0.76 (0.030) WHERE 
THE LEAD ENTERS THE CERAMIC BODY. 

5. 620-01 THRU -08 OBSOLETE, NEW STANDARD 
620-09. 


Ps MILLIMETERS | INCHES _| 
| MIN | 


| MAX | MIN | MAX | 
| A | 19.05 | 19.55 | 0.750 | 0.770 
| B | 610 | 7.36 | 0.240 | 0.290 | 


slhenioan” 


Dur. 
as 


CERAMIC PACKAGE 
CASE 620-09 


NOTES: 
1. DIM “L’ TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

. LEADS WITHIN 0.13 mm (0.005) RADIUS OF 
TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION. (WHEN 
FORMED PARALLEL). 


Py MILLIMETERS | _ INCHES _| 
|_ MIN | 


i+ 
a M gl 


K 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623-05 


NOTES: 
1. LEAD POSITIONAL TOLERANCE: 


. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

. PACKAGE CONTOUR OPTIONAL (ROUND OR 
SQUARE CORNERS). 

. DIMENSIONS A AND B ARE DATUMS. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


a MILLIMETERS | INCHES | 
| MIN [| MAX | MIN | MAX | 


| A_| 9.40 | 10.16 | 0.370 | 0.400 | 
|B | 610 | 660 | 0.240 | 0.260 | 


= 
S 
o 


| 0.100BSC_| BSC 
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kas PLASTIC PACKAGE 
CASE 626-04 


= 
o 
° 








1-26 


PACKAGE OUTLINE DIMENSIONS (continued) 


NOTES: 


Leg———— |__ ———»! 


rt 


| 
>| 
H G SEATING K 


D_ PLANE 


SEATING 


0.25 (0.010) @ 


M 
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P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


1. LEAD POSITIONAL TOLERANCE: 


0.13 (0.005) () 


. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

. PACKAGE CONTOUR OPTIONAL (ROUND OR 
SQUARE CORNERS). 

. DIMENSIONS A AND B ARE DATUMS. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


| MILLIMETERS | INCHES | 
pim_| MIN | MAX! MIN | MAX 

|_ 9.40 | 10.16 | 0.370 | 0.400 | 

| 6.10 | 6.60 | 0.240 | 0.260 | 
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NOTES: 


SM 
J14 PL 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-08 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIM F MAY NARROW TO 0.76 (0.030) WHERE 
THE LEAD ENTERS THE CERAMIC BODY. 

5. 632-01 THRU -07 OBSOLETE, NEW STANDARD 
632-08. 


atl MILLIMETERS [| INCHES | 
|_MIN | 


| MAX | MIN | MAX | 
1 A | 19.05 0.750 | 0.785 
| 7.11 | 0.245 | 0.280 

| 0.155 | 0.200 | 


0.020 


NOTES: 


A 


< 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-06 
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LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 

MATERIAL CONDITION. 

. DIMENSION “L’ TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

. DIMENSION “B” DOES NOT INCLUDE MOLD 
FLASH. 

. ROUNDED CORNERS OPTIONAL. 

. 646-05 OBSOLETE, NEW STANDARD 646-06. 








PACKAGE OUTLINE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. . 

. DIMENSION “B” DOES NOT INCLUDE MOLD 
FLASH. 

. ROUNDED CORNERS OPTIONAL. 

. 648-01 THRU -07 OBSOLETE, NEW STANDARD 
648-08. 


cea MILLIMETERS | INCHES | 
| MIN | 


| MAX | MIN | MAX | 
r A | 18.80 | 19.55 | 0.740 | 0.770 
8] 635 | 0270 


| 6.85 | 
| © | 3.69 | 4.44 | 0.145 | 0.175 


= 
as 

i=) 
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| Is 
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P SUFFIX 
PLASTIC PACKAGE 
CASE 648-08 


o| So 
28 
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NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. 649-02 OBSOLETE, NEW STD 649-03 SEE ISSUE 

“C” FOR REFERENCE. 


—>|«— p 


SEATING 
PLANE 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649-03 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: INCH. 
. DIMENSION “A’ AND “B” ALLOW FOR LID 
MISALIGNMENT, AND GLASS MINISCUS. 
. DIMENSION “H” SHALL BE MEASURED AT THE 


een POINT OF EXIT OF THE LEAD FROM THE BODY. 
| ———— . LEAD NUMBER 1 IDENTIFIED BY TAB ON LEAD OR 
——— DOT ON COVER. 
ft . DIMENSION “J” INCLUDES SOLDER LEAD FINISH. 
D 16 PL N . LEAD NUMBERS SHOWN FOR REFERENCE ONLY. 
. 650-01 THRU -04 OBSOLETE, NEW STANDARD 
0.13 (0.005) @ 
MILLIMETERS | INCHES | 
= ee a ; MIN | MAX | 
+ [-T-] SEATING 
| | H J PLANE 


F SUFFIX 
CERAMIC PACKAGE 
CASE 650-05 
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PACKAGE OUTLINE DIMENSIONS (continued) 


NOTES: 


1. 
2. 


3. 


VUBUERR BERS 
NI 1, 


SEATING 7 * | ! “| aa | NOTE 1 
PLANE pecilee a 

D 24 PL 
0.25 (0.010) @ 


P SUFFIX 
PLASTIC PACKAGE 
CASE 724-03 


CHAMFERRED CONTOUR OPTIONAL. 

DIM “L’ TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M, 1982. 


. CONTROLLING DIMENSION: INCH. 


MILLIMETERS 
| MIN | MAX_| 
13 1.265 


1, 

0.250 [ 0. 

0.145 
| 0.015 | 
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NOTES: 


1. 


LEADS WITHIN 0.25 mm (0.010) DIA., TRUE 
POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 


. DIMLTO CENTER OF LEADS WHEN FORMED 


PARALLEL. 


. DIMAAND B INCLUDES MENISCUS. 
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SEATING 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 732-03 


NOTES: 


1. 


2. 
3. 


4, 


DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

CONTROLLING DIMENSION: INCH. 
DIMENSION “L’ TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

DIMENSION “B” DOES NOT INCLUDE MOLD 
FLASH. 


. 738-02 OBSOLETE, NEW STANDARD 738-03. 


SEATING | i \ 
PLANE 
cle J 20 PL 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738-03 
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| MILLIMETERS | | INCHES | 
| A_[ 25.66 | 27.17 | 1.010 | 1.070 
| 0.260 | 








PACKAGE OUTLINE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONS “A” AND “B” ARE DATUMS AND “T” 
IS A DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
3. CONTROLLING DIM: MILLIMETER. 
4. DIMENSION “A” AND “B” DO NOT INCLUDE 


MOLD PROTRUSION. 
Be} P+ | 0.25 (0.010) ® . MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
4PL PER SIDE. 
. 751-01 AND -02 OBSOLETE, NEW STANDARD 
751-03. 
= R X 45° on REE TERS 1 INGHES 
| MIN | 


G Cc 
orm feeedit phy 
D 8PL 4 les a . F | ie : 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751-03 


_ DIMENSIONS “A” AND “B” ARE DATUMS AND 
‘T’ IS A DATUM SURFACE. 
. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: MILLIMETER. 
. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 
B . MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
P | 4 | 0.25 (0.010) ® ae 
. 751B-03 IS OBSOLETE, NEW STANDARD 
751B-04. 


sean MILLIMETERS | INCHES 


oS ae 4S Ae ee 


| A_| 9.80 | 10.00 | 0.386 | 0.393 | 
7 | B | 3.80 | 
=U=- £ 
Diset—>| be Ko r+! Bs ; 


| 0.150 | 0.157 | 


| 4.00 _| 
Pc | 1.35 | 1.75 | 0.054 | 0.068 | 
| D | 035 | 0.49 | 0.014 | 0.019 | 
D SUFFIX 


PLASTIC PACKAGE 
CASE 751B-04 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

4, MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 
SIDE. 

5. 751D-01, AND -02 OBSOLETE, NEW STANDARD 
751D-03. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


FORMED PARALLEL. 
2. DIMENSIONING AND TOLERANCING PER ANSI 


1. DIMENSION L TO CENTER OF LEADS WHEN 


NOTES: 


Y14.5, 1973. 
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PACKAGE OUTLINE DIMENSIONS (continued) 
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NOTES: 

1. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

_ DIM GI, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

. DIM RAND UDO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. 775-01 |S OBSOLETE, NEW STANDARD 775-02. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


a($ [0.18 0007, © [1 NO-POLOMO 
u|-+] 0.18 (0.007) ® |TIN©-P© 


G1 


: F025 (0.010) © [TINO-PO[LO-MO) 


VIEW D-D 
: 
Flos pan @ Lome WO-7@ 


K1 


K 
ee ee 


DETAIL S 


0.25 (0.010) ©|T| L©-M© |N©-P© | 


NOTES: 

1. DUE TO SPACE LIMITATION, CASE 776-02 SHALL 
BE REPRESENTED BY A GENERAL (SMALLER) 
CASE OUTLINE DRAWING RATHER THAN 
SHOWING ALL 28 LEADS. 

. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

. DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. 776-01 IS OBSOLETE, NEW STANDARD 776-02. 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 
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PACKAGE OUTLINES (continued) 


| 
0.51 (0.020) @ 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM R AND N DO NOT INCLUDE GLASS 
PROTRUSION. GLASS PROTRUSION TO BE 0.25 
(0.010) MAXIMUM. 

4. ALL DIMENSIONS AND TOLERANCES INCLUDE 
LEAD TRIM OFFSET AND LEAD FINISH. 


- MILLIMETERS | INCHES 
| MIN | MAX | MIN | 


20.19 | 0.785 


0.785 


0.79: 
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FJ SUFFIX 
J-LEAD CERQUAD 
CASE 778B-01 


NOTES: 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
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. DIMENSION “A” DOES NOT INCLUDE MOLD 


FLASH, PROTRUSIONS OR GATE BURRS. MOLD 
FLASH OR GATE BURRS SHALL NOT EXCEED 
0.15 (,006) PER SIDE. 


. DIMENSION “B” DOES NOT INCLUDE INTERLEAD 


FLASH OR PROTRUSION. INTERLEAD FLASH 
OR PROTRUSION SHALL NOT EXCEED 0.25 
(.010) PER SIDE. 


. DIMENSION “kK” DOES NOT INCLUDE DAMBAR 


PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (.003) TOTAL IN 
EXCESS OF THE “K” DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 


. TERMINAL NUMBERS ARE SHOWN FOR 


REFERENCE ONLY. 


. DATUMS [-P- ]AND [-R-] ARE TO BE 


DETERMINED AT DATUM PLANE [-U-]. 


. DIMENSION “A” AND “B” ARE TO BE 


DETERMINED AT DATUM PLANE [-U- ]. 


. CROSS SECTION B-B TO BE DETERMINED AT 


0.10 (.004) TO 0.25 (.010) FROM THE LEADTIP. 





MECL Logic Surface Mount 


WHY SURFACE MOUNT? 


Surface Mount Technology is now being utilized to 
offer answers to many problems that have been created 
in the use of insertion technology. 

Limitations have been reached with insertion packages 
and PC board technology. Surface Mount Technology 
offers the opportunity to continue to advance the State- 
of-the-Art designs that cannot be accomplished with 
Insertion Technology. 

Surface Mount Packages allow more optimum device 
performance with the smaller Surface Mount configu- 
ration. Internal lead lengths, parasitic capacitance and 
inductance that placed limitations on chip performance 
have been reduced. . 

The lower profile of Surface Mount Packages allows 
more boards to be utilized in a given amount of space. 
They are stacked closer together and utilize less total 
volume than insertion populated PC boards. . 

Printed circuit costs are lowered with the reduction of 
the number of board layers required. The elimination or 
reduction of the number of plated through holes in the 
board, contribute significantly to lower PC board prices. 

Surface Mount assembly does not require the prepa- 
ration of components that are common on insertion tech- 
nology lines. Surface Mount components are sent 
directly to the assembly line, eliminating an intermediate 
step. | 

Automatic placement equipment is available that can 
place Surface Mount components at the rate of a few 
thousand per hour to hundreds of thousands of com- 
ponents per hour. 

Surface Mount Technology is cost effective, allowing 
the manufacturer the opportunity to produce smaller 
units and offer increased functions with the same size 
product. 


MECL AVAILABILITY IN SURFACE MOUNT 


Motorola is now offering MECL 10K and MECL 10H in 
the PLCC (Plastic Leaded Chip Carrier) packages. 

MECL in PLCC may be ordered in conventional plastic 
rails or on Tape and Reel. Refer to the Tape and Reel 
section for ordering details. 


TAPE AND REEL 


Motorola has now added the convenience of Tape and 
Reel packaging for our growing family of standard Inte- 
grated Circuit products. The packaging fuily conforms to 


the latest EIA RS-481A specification. The antistatic 
embossed tape provides a secure cavity sealed with a 
peel-back cover tape. 


GENERAL INFORMATION 
@® Reel Size 13 inch (330 mm) Suffix: R2 


® Tape Width 16mm 
@ Units/Reel 1000 
MECHANICAL POLARIZATION 
Typical 


View from 
tape side 





Linear direction of travel 


ORDERING INFORMATION 


@ Minimum Lot Size/Device Type = 3000 Pieces. 

© No Partial Reel Counts Available. 

@ To order devices which are to be delivered in Tape 
and Reel, add the appropriate suffix to the device 
number being ordered. 


EXAMPLE: 

ORDERING CODE SHIPMENT METHOD 
MC10100FN Magazines (Rails) 
MC10100FNR2 13 inch Tape and Reel 
MC10H100FN Magazines (Rails) 
MC10H100FNR2 13 inch Tape and Reel 
MC12015D Magazines (Rails) 
MC12015DR2 13 inch Tape and Reel 


DUAL-IN-LINE PACKAGE TO 
PLCC PIN CONVERSION DATA 


_The following tables give the equivalent I/O pinouts of 
Dual-In-Line (DIL) packages and Plastic Leaded Chip Car- 
rier (PLCC) packages. 


Conversion Tables 


8 PIN DIL 11/2/3/4|5/617/8 
20 PIN PLCC | 2|5| 7 |10112|15)17)20 


14 PIN DIL §11/21314/5|6| 7 | 8| 9 |101111}12\13)14 
20 PIN PLCC | 2} 3) 4} 6j 8} 9 |10}12}13) 14/16; 18] 19/20 


16 PIN DIL 


112)3)4)5}6] 7) 8) 9 }10)11)12)13) 14) 15/16 


20 PIN PLCC | 2|3/4/5]| 7} 8} 9 |10)12/13)]14)15;17/18/19 20 

20 PIN DIL | 1)2;/3)4/5] 6] 7] 8] 9 /10/11/12) 13) 14/15/16] 17) 18) 19/20 

20 PIN PLCC | 1!2/3/4/5/] 6] 7] 8/9 [10/11)12|13|14)15|16|17/18|19 20| 

24PIN DIL |1/2/3)4}5]6{7 | 8| 9 |10/11)12|13/14)|15|16| 17/18) 19120/27|22|23|24 
28 PIN PLCC |2)3/4|5| 6 | 7 | 9 |10)11}12|13}14}16) 17} 18] 19}20)21|23)24) 25) 26} 27/28 








Logic Literature Listing 


For additional information, refer to the following Motorola Logic Documents available through the iiterature Distribution Centers 
listed on the back « cover of this document. 


LOGIC NEW PRODUCT CALENDAR 
BR1332/D Logic New Product Calendar 


SELECTOR GUIDES 


$G73/D 


Motorola Semiconductor Master Selection 
Guide 


$G127/D Surface Mount Products Selector Guide 
$G366/D TTL, ECL, CMOS and Special Logic 
Circuits Selector Guide 
DATA BOOKS 
DL121/D FAST and LS TTL Data 
DL122/D MECL Device Data 
DL129/D High-Speed CMOS Logic Data 
DL131/D CMOS Logic Data 
DL138/D FACT Device Data 
DL140/D ECLinPS Data 
DESIGN HANDBOOKS 
HB205/D MECL Systems Design Handbook 
OTHER LITERATURE 
BR1330/D ECLinPS Lite™ (Single Gate ECL Devices 
and Translators) 
BR1333/D Motorola Timing Solutions 
BR1334/D High Performance Frequency Control 
Products 
BR1409/D Motorola ECL300™ LogicArray 
EB48/D A Time Base and Control Logic Subsystem 


for High Frequency, High Resolution 
Counters 


APPLICATION NOTES 
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AN270/D 
AN535/D 
AN556/D 


AN567/D 
AN701/D 


AN720/D 


AN726/D 
AN730A/D 


AN827/D _ 
AN1091/D 
AN1092/D 


AN1400/D 
AN1401/D 


AN1402/D 


AN1403/D 
AN1404/D 


AN1405/D 
AN1406/D 
AN1407/D 


AN1503/D 
AN1504/D 


Nanosecond Pulse Handling Techniques 
Phase-Locked Loop Design Fundamentals 
Interconnection Techniques for Motorola’s 
MECL 10K Series Emitter Coupled Logic 
MECL Positive and Negative Logic | 
Understanding MECL 10K DC and AC Data 
Sheet Specifications 

Interfacing with MECL 10K Integrated 
Circuits 

Bussing with MECL 10K Integrated Circuits 
A High-Speed FIFO Memory Using the 
MECL MCM10143 Register File — 
Technique of Direct Programming Using 


_ Two-Modulus Prescaler — 


Low Skew Clock Drivers and Their System 
Design Considerations | 
Driving High Capacitance DRAMs i in an . 
ECL System 

H64x Clock Driver /0 SPICE Modelling Kit 
Using SPICE to Analyze the Effects of 
Board Layout on System Skew When 
Designing With the MC10/100640 Family of 
Clock Drivers 

MC10/100H600 Translator Family I/O 
SPICE Modelling Kit . 

FACT™ I/O Model Kit 

ECLinPS™ Circuit Performance at 
Non-Standard VIH Levels 

ECL Clock Distribution Techniques 
Designing With PECL (ECL at +5.0 V) 
Performance Testing With the ALExIS™ _ 
Mini-Evaluation Boards _ 
ECLinPS™ 1/O SPICE Modelling Kit 
Metastability and the ECLinPS™ Family 


APPLICATIONS ASSISTANCE FORM 


In the event that you have any questions or concerns about the performance of any Motorola device listed in this catalog, please 
contact your local Motorola sales office or the Motorola Help line for assistance. If further information is required, you can request 
direct factory assistance. 


Please fill out as much of the form as is possible if you are contacting Motorola for assistance or are sending devices back to 
Motorola for analysis. Your information can greatly improve the accuracy of analysis and can dramatically improve the correlation 
response and resolution time. 


Items 4 thru 8 of the following form contain important questions that can be invaluable in analyzing application or device problems. It 
can be used as a Self-help diagnostic guideline or for a baseline of information gathering to begin a dialog with Motorola representa- 
tives. 


MOTOROLA Device Correlation/Component Analysis Request Form 
— Please fill out entire form and return with devices to MOTOROLA INC., R&QA DEPT., 2200 W. Broadway, Mesa, AZ 85202. 


1) Name of Person Requesting Correlation: 
Phone No: Job Title: Company: 
2) Alternate Contact: ___ Phone/Position: 
3) Device Type (user part number): 
4) Industry Generic Device Type: 
5) # of devices tested/sampled: 
# of devices in question*: 
# returned for correlation: 


* In the event of 100% failure, does Customer have other date codes of Motorola devices that pass inspection? 
Yes No Please specify passing date code(s) if applicable 


{f none, does customer have viable alternate vendor(s) for device type? 
Yes No Alternate vendor’s name 


6) Date code(s) and Serial Number(s) of devices returned for correlation — If possible, please provide one or two “good" units 
(Motorola’s and/or other vendor) for comparison: 


7) Describe USER process that device(s) are questionable in: 
Incoming component inspection {test system = ?}: 
Design prototyping: 

Board test/burn-in: 

Other (please describe): 











-— 


8) Please describe the device correlation operating parameters as completely as possible for device(s) in question: 

> Describe all pin conditions (e.g. floating, high, low, under test, stimulated but not under test, whatever ...), including any input or 
output loading conditions (resistors, caps, clamps, driving devices or devices being driven ...). Potentially critical information 
includes: 

__ Input waveform timing relationships 

Input edge rates 

Input Overshoot or Undershoot — Magnitude and Duration 

Output Overshoot or Undershoot — Magnitude and Duration 

> Photographs, plots or sketches of relevent inputs and outputs with voltages and time divisions clearly identified for all wave- 
forms are greatly desirable. 

> Vcc and Ground waveforms should be carefully described as these characteristics vary greatly between applications and test 
systems. Dynamic characteristics of Ground and Vcc during device switching can dramatically effect input and internal operat- 
ing levels. Ground & VGcG measurements should be made as physically close to the device in question as possible. 

> Are there specific circumstances that seem to make the questionable unit(s) worse? Better? 


____ Temperature 

___. VCC ms 
Input rise/fall time —__ 
Output loading (current/capacitance) 
Others 


> ATE functional data should include pattern with decoding key and critical parameters such as VCC, input voltages, Func step 
rate, voltage expected, time to measure. 
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MECL 10H 


INTEGRATED CIRCUITS 


MC10H100 Series 
0 to 75°C 


Function Selection — (0 to + 75°C) 


[Function ‘| Devise | Cae | 


NOR Gate 


Quad 2-Input with Strobe 
Quad 2-Input 


Triple 4-3-3 Input 


MC10H100 
MC10H102 
MC10H106 


620, 648, 775 
620, 648, 775 
620, 648, 775 





Dual 3-Input 3-Output 
OR Gate 


Quad 2-Input_ . ‘|’ MC10H103 
Dual 3-Input 3-Output MC10H210 


AND Gates 


Quad AND 


Complex Gates 


Quad OR/NOR 

Triple 2-3-2 Input OR/NOR 

Triple Exclusive OR/NOR 

Dual 4-5 Input OR/NOR 

Quad Exclusive OR 

Dual 2-Wide OR-AND/OR-AND INVERT 
Dual 2-Wide 3-Input OR/AND 
4-Wide 4-3-3-3 Input OR-AND 
4-Wide OR-AND/OR-AND INVERT 
Hex Buffer w/Enable 

Hex Inverter w/Enable 


Translators 


Quad TTL to MECL 

Quad MECL to TTL 

Quad MECL-to-TTL Translator, Single 
Power Supply (—5.2 V or +5.0 V) 

Quad TTL/NMOS to MECL Translator 

Quad CMOS to MECL Translator 

Quad TTL to MECL, ECL Strobe 

9-Bit TTL-ECL Translator 

9-Bit ECL-TTL Translator 

9-Bit Latch/TTL-ECL Translator 

9-Bit Latch/ECL-TTL Translator 

Registered Hex TTL-ECL Translator 

Registered Hex ECL-TTL Translator 

Registered Hex TTL-PECL Translator 

Registered Hex PECL-TTL Translator 


Receivers 


MC10H211 


MC10H101 
MC10H105 
MC10H107 
MC10H109 
MC10H113 
MC10H117 
MC10H118 
MC10H119 
MC10H121 
MC10H188 
MC10H189 





MC10H124 
MC10H125 


MC10H350 
MC10H351 
MC10H352 
MC10H424 
MC10H/100H600 
MC10H/100H601 
MC10H/100H602 
MC10H/100H603 
MC10H/100H604 
MC10H/100H605 
MC10H/100H606 
MC10H/100H607 





620, 648, 775 


620, 648, 775 
620, 648, 775 


MC10H104 =| 620, 648, 775 


620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


620, 648, 775 
620, 648, 775 


620, 648, 775 
732, 738, 775 
732, 738, 775 
620, 648, 775 

776 

776 

776 

776 

776 

776 

776 

776 


Quad Line Receiver MC10H115 620, 648, 775 
Triple Line Receiver MC10H116 620, 648, 775 


Flip-Flop Latches 


Dual D Master Slave Flip-Flop 
Dual J-K Master Slave Flip-Flop 
Hex D Flip-Flop 

Dual D Latch 

Quint Latch 

Hex D Flip-Flop w/Common Reset 


Parity Checker 


MC10H131 
MC10H135 
MC10H176 
MC10H130 
MC10H175 
MC10H186 





620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


12-Bit Parity Generator/Checker MC10H160 =| 620, 648, 775 


Encoders Decoders 


Binary to 1-8 (Low) 
Binary to 1-8 (High) 


Dual Binary to 1-4 (Low) 
Dual Binary to 1-4 (High) 
8-Input Priority Encoder 


MC10H161 
MC10H162 
MC10H171 
MC10H172 
MC10H165 


620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
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[_Fonetion [Device [tase 


Transceivers 


Data Selector Multiplexer 


Quad Bus Driver/Receiver with 2-to-1 
Output Multiplexers 

Dual Bus Driver/Receiver with 4-to-1 
Output Multiplexers 

Quad 2-Input Multiplexers 


(Noninverting) 
Quad 2-Input Multiplexers (Inverting) 
8-Line Multiplexer 
Quad 2-Input Multiplexer Latch 
Dual 4-1 Multiplexer 


Counters 


Universal Hexadecimal MC10H136 
Binary Counter MC10H016 


Arithmetic Functions 


Look Ahead Carry Block 
Dual High Speed Adder/Subtractor 
4-Bit ALU 


Special Function 


4-Bit Universal Shift Register 

16 x 4 Bit Register File 

5-Bit Magnitude Comparator 

Quad Bus Driver/Receiver with 
Transmit and Receiver Latches 

4-Bit ECL-TTL Load Reducing DRAM 
Driver 


Memories 


* MC10H330 


MC10H332 


MC10H158 
MC10H159 
MC10H164 
MC10H173 
MC10H174 


MC10H179 
MC10H180 
MC10H181 


MC10H141 
MC10H145 
MC10H166 


MC10H334 


MC10H/100H660 


4-Bit Differential ECL Bus to TTL Bus 
Transceiver MC10/100H680 776 — 
Hex ECL-TTL Transceiver w/Latches | MC10/100H681 _ 776 


758, 724, 776 
732, 738, 775 


620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 





620, 648, 775 
620, 648, 775 


620, 648, 775 
620, 648, 775 
623, 649 
724, 758, 776 





620, 648, 775 
620, 648, 775 
620, 648, 775 


732, 738, 775 





776 


16 x 4 Bit Register File MC10H145 | 620, 648, 775 


Bus Driver (25 ohm outputs) 


Triple 4-3-3 Input Bus Driver 
(25 Ohms) 

Quad Bus Driver/Receiver with 2-to-1 
Output Multiplexers 

Dual Bus Driver/Receiver with 4-to-1 
Output Multiplexers 

Quad Bus Driver/Receiver with 
Transmit and Receiver Latches 

Triple 3-Input Bus Driver with Enable 
(25 Ohm) 


OR/NOR Gate 


MC10H123 
MC10H330 
MC10H332 
MC10H334 
MC10H423 


620, 648, 775 
724, 758, 776 
732, 738, 775 
732, 738, 775 
620, 648, 775 





Dual 4-5 Input OR/NOR Gate MC10H209 =| 620, 648, 775 


Clock Drivers 


68030/40 ECL-TTL Clock Driver 

Single Supply PECL-ECL 1:9 Clock 
Distribution 

68030/40 ECL-TTL Clock Driver 

Dual Supply ECT-TTL 1:8 Clock Driver 


68030/40 PECL-TTL Clock Driver 

1:9 TTL Clock Driver 

PECL-TTL-TTL 1:8 Clock Distribution 
Chip 


MC10/100H640 


MC10/100H641 
MC10/100H642 
MC10/100H643 
MC10/100H644 
MC10H645 


MC10/100H646 





MECL 10H INTRODUCTION 


Motorola’s new MECL 10H family features 100% im- 
provement in propagation delay and clock speeds while 
maintaining power supply current equal to MECL 10K. 
This new MECL family is voltage compensated which al- 
lows guaranteed dc and switching parameters over a 
+5% power supply range. Noise margins of MECL 10H 
are 75% better than the MECL 10K series over the +5% 
power supply range. MECL 10H is compatible with MECL 
10K and MECL Ill, a key element in allowing users to en- 
hance existing systems by increasing the speed in critical 
timing areas. Also, many MECL 10H devices are pinout/ 


The MECL 10H family is being fabricated using 
Motorola’s MOSAIC | (Motorola Oxide Self Aligned Im- 
planted Circuits). The switching transistor’s geometries 
obtained in the MOSAIC | process show a two-fold im- 
provement in fr, a reduction of more than 50% in parasitic 
Capacitance and a decrease in device area of almost 76%. 


FIGURE 2 — MOSAIC versus MECL 10K SWITCHING 
TRANSISTOR GEOMETRY 


With improved geometry, the MECL 10H switching transis- 


tors (left) are one-seventh the size of the older MECL 10K tran- 
sistors (right). Along with the smaller area comes an improved 
ff and reduced parasitic capacitances. 


functional duplications of the MECL 10K series devices. 


FIGURE 1 — MECL 10K versus MECL 10H GATE DESIGN 


The schematics in Figure 1 compare the basic gate 
structure of the MECL 10H to that of MECL 10K devices. 
The gate switch current is established with a current 
source in the MECL 10H family as compared to a resistor 
source in MECL 10K. The bias generator in the MECL 10K 
device has been replaced with a voltage regulator in the 
MECL 10H series. The advantages of these design 
changes are: current-sources permit-matched collector 
resistors that yield correspondingly better matched de- 
lays, less variation in the output-voltage level with power 
supply changes, and matched output-tracking rates with 
temperature. These circuit changes increase complexity 
at the gate level; however, the added performance more 
than compensates. | 
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MECL 10H 


MECL 10K 


3.35 (85 p) <2 2) 


EMITTER 0.15 x 0.8 MILS 
(4 x 20 p) 

DEVICE AREA 6.7 MIL2 

(4323 2) 


EMITTER 3p x 8p 


DEVICE AREA = 592 2 


1.6 GHz 
0.46 pF 
- 0.18 pF 
= 0.83 pF 


fr = 3.5 GHz fr. 
Ccgp = 0.16 pF Ccp 
Ceg = 0.07 pF Ceg 
Ccsg = 0.18 pF Ccs 


Figure 2 illustrates the relative size difference between 
the junction isolated transistor of MECL 10K and the 
MOSAIC | transistor of MECL 10H. This suggests that per- 
formance could be improved twofold at lower power lev- 
els. However, at the gate level, the power of the output 
transistor cannot be reduced without sacrificing output 
characteristics because of the 50 ohm drive requirements 
of MECL. In more complex functions, where part of the 
delay is associated with internal gates, MECL 10H devices 
use less power than the equivalent MECL 10K devices 
and provide an even more significant improvement in ac 
performance. 


Table 1. — TYPICAL FAMILY CHARACTERISTICS FOR 10K 
AND 10H CIRCUITS 


Propagation delay (ns) 

Power (mW) 

Power-speed product (pJ) — 

Rise/fall times (ns) 
(20-80%) 

Temperature range (°C) 

Voltage regulated 

Technology 


—30 to +85 
No 

Junction 
isolated 


Oto +75 
Yes. 
Oxide 
isolated 


VEE = —5.2V 








Supply & Temperature Variation 


MECL 10H temperature and voltage compensation is 
designed to guarantee compatibility with MECL 10K, 
MECL Ill, MECL Memories and the MC10900 and Macrocell 
Array products. Table 1 summarizes some performance 
characteristics of the MECL 10K and 10H logic families in 
a 16-pin DIP. The MECL 10H devices offer typical propa- 
gation delays of 1.0 ns at 25 mW per gate when operated 
from a Veg of — 5.2 V. The resulting speed-power product 
of 25 picojoules is the best of any ECL logic family avail- 
able today. 

The operating temperature range is changed from 
— 30°C to + 85°C of the MECL 10K family to the narrower 
range of 0°C to 75°C for MECL 10H. This change matches 
the constraints established by the memory and array 
products. Operation at —30°C would require compro- 
mises in performance and power. With few exceptions, 
commercial applications are satisfied by 0°C min. 


Table 2. — MECL 10H AC SPECIFICATIONS AND TRACKING 


0° 25°C 75°C 
Parameter |Min Typ Max|Min Typ Max|Min Typ Max 


tp fod 1.0 15[04 1.0 16/04 1.0 17 
tp (20-80% mr 


Min Max | Min 

05. 1.6 0.5 1.7 
te (20-20%) 05 1.5 | 05 16 | 05 17 | 
VEE = —5.2V +5% 


Propagation Delay variation 
vs temp (ps/°C) vs supply (ps/V) 
Max 


delay (ns)* 
































Parameter 






*VeeE = —5.2 V, Temp = 25°C 


AC specifications of MECL 10H products appear in 
Table 2. In the MECL 10H family, all ac specifications have 
guaranteed minimums and maximums for extremes of 
both temperature and supply — a first in ECL logic. In 
addition, flip flops, latches and counters will have guar- 
anteed limits for setup time, hold time, and clock pulse 
width. The limits in Table 2 are guaranteed for a power 
supply variation of +5%. MECL 10K typically has a prop- 
agation delay (tpp) variation of 80 ps/V with no guaran- 
teed maximum. The typical variation.in tpp for MECL 10H 
circuits is only 38 ps typically over the entire specified 
temperature range and power-supply tolerance, and is 
guaranteed not to exceed 300 ps. 

The improved performance in temperature over MECL 
10K are a result of the internal voltage regulator. The 
primary difference being the flatter tracking rate of the 
output “0” level voltage (Vo_). This difference does not 
affect the compatibility with existing MECL families. 

Changes in output “1” level voltages (VO) with supply 
variations are 10 mV/V less for the MECL 10H family. Voy 
varies with the supply, primarily because of changes in 
chip temperature caused by the changes in power dis- 
sipation. However, the current in the MECL 10H circuits 
remains. almost constant with supply changes, since the 
circuits are. voltage compensated and use current sources 
for all internal emitter followers. Threshold voltage (VpR) 


Table 3. — LOGIC LEVEL DC TRACKING RATE FOR 10K AND 
. 10H CIRCUITS 


~~ AVQH/AT 
(mv/°C) 


-. AVpp/AT 
(mV/°C) 


AVoL/AT 
(mV/°C) 


AVOH/AVEE 
(mV/V) 


AVpp/AVEE 
(mV/V) 


AVoL/AVEE 
(mV/V) 





and output “0” level voltage (Vo;) variations are shown 
with respect to MECL 10K in Table 3. In both cases voltage 
compensation has reduced the variations significantly. 


Noise Margin Considerations 


Specification of input voltage levels (ViHA, ViLA) are 
changed from those of MECL 10K resulting in improved 
noise margins for MECL 10H. 

_ The MECL 10K circuits have two sets of output voltage 
specifications (VoH, VOHA and VoL, VOLA). The first out- 
put voltage specification in each set (VOY and Vo_) are 
guaranteed maximum and minimum output levels for 
typical input levels. The second specification in each set 
(VOHA and Vo_A) is the guaranteed worst-case output 
level for input threshold voltages. System analysis for 
worst-case noise margin considers VQHA and VO_LA only. 
The MECL 10H family has only one set of output voltages 
(VoH and VoL) with minimum and maximum values 
specified. The minimum value of Voy and the maximum 
value for Vo. of the MECL 10H family is synonomous 
with the VoHA and VoLa specifications of MECL 10K. 
family. 

The VOH values for the MECL 10H circuits are equal to 
or better than the MECL 10K levels at all temperatures. 
Input threshold voltages (Via and Vi_a, which are syn- 
onymous with Vi min and Vi_ max for 10H) are also im- 
proved and guaranteed VjH, has been decreased by 25 
mV over the entire operating temperature range, result- 
ing in a “1” level noise margin of 150 mV (compared to 


Table 4. — NOISE MARGIN versus 
POWER-SUPPLY CONDITIONS 


Vee | VEE VEE 
-10% | —5% VEE +5% 
Parameter Typ Min | Typ Min | Typ Min | Typ Min 
Noise Margin 224 150 | 227 150 | 230 150 | 233 150 
High 
VNH (mV) 127 47 | 166 86 | 205 125 | 241 164 
Noise Margin 264 150 | 267 150 | 270 150 | 273 150 
Low 
VNL (mV) 223 103 | 249 129 | 275 155 | 301 181 


*Temp = 0 to 75°C 


125 mV for the MECL 10K circuits). Vj_aA has been de- 
creased by 5.0 mV, providing a “0” level noise margin 
equal to the “1” level noise margin. The VoL minimum 
of the MECL 10H is more negative than for MECL 10K 
(— 1950 mV instead of — 1850 mV). The Vo, level for the 
MECL 10K family was selected to ensure that the gate 
would not saturate at high temperatures and high supply 
voltages. The reduction in operating temperature range 
for the MECL 10H family and the improvement in tracking 
rate allow the lower Vo, level. The change in this level 
does not affect system noise margins. Although some of 
the interface levels change with temperature, the changes 
in voltage levels are well within the tolerance ranges that 
would keep the families compatible. Table 4 lists some 
noise margins for Veg supply variations. 

The compatibility of MECL 10H with MECL 10K may be 
demonstrated by applying the tracking rates in Table 3 
to the dc specifications. The method for determining com- 
patibility is to show acceptable noise margins for MECL 
10H, MECL 10K and mixed MECL 10K/MECL 10H systems. 
The assumption is that the families are compatible if the 
noise margin for a mixed system is equal to or better 
than the same system using only the MECL 10K series. 


Using an all MECL 10K system as a reference, three 
possible logic mixes must be considered: MECL 10K driv- 
ing MECL 10H; MECL 10H driving MECL 10K; and MECL 
10H driving MECL 10H. The system noise margin for the 
three configurations can now be calculated for the fol- 
lowing cases (See Figure 3): 

In Case 1, the system uses multiple power supplies, 
each independently voltage regulated to some percent- 
age tolerance. Worst-case is where one device is at the 
plus extreme and the other device is at the minus extreme 
of the supply tolerance. 

In Case 2, a system operates on a single supply or sev- 
eral supplies slaved to a master supply. The entire system 
can drift, but all devices are at the same supply voltage. 

In Case 3, a system has excessive supply drops 
throughout. Supply gradients are due to resistive drops 
in Veg bus. 

The analysis indicates that the noise margins for a 
MECL 10K/10H system equal or exceed the margins for 
an all 10K system for supply tolerance up to +5%. The 
results of the analysis are shown in Figure 3. 


FIGURE 3 — NOISE MARGIN versus POWER-SUPPLY VARIATION 
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(AA) MOTOROLA — MC10H016 


4-BIT BINARY COUNTER 


LL SUFFIX 
The MC10H016 is a high-speed synchronous, presettable, cas- 
cadable 4-bit binary counter. It is useful for a large number of 


sé z ~ CERAMIC PACKAGE 
ih i \ CASE 620 
6 

conversion, counting and digital integration applications. 


@ Counting Frequency, 200 MHz Minimum P SUFFIX 


@ Improved Noise Margin 150 mV (Over Operating Voltage and eg alo aa 16 
_ Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 
@ Positive Edge Triggered 


: 
, FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) 

Input Voltage (Vec = 0) 


Output Current — Continuous 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 





xray Min | Max | Min | 


[Rower Supply Current] te | — | 120 | 


Input Current High 


All Except MR 
Pin 12 MR 


input Current Low 
Vor 
L “.ow Input Voltage 


AC PARAMETERS 


Propagation Delay 
Clock to Q 
Clock to TC 
MR to Q 


Set-up Time 
Ph to Clock 
CE or PE to Clock 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





Load Parallel (P, to Qn) 
Load Parallel (Pp, to Op) 
Count 

Hold 

Masters Respond; 
Slaves Hold 

Reset (Q, = LOW, 

Tc = HIGH) 


| Z=Clock Pulse (Low to High); ZZ = Clock Pulse (High to Low) 


Hold Time 


Clock to Py 
Clock to CE or PE 


Counting Frequency | feount 
tr 
tf 


Features include assertion inputs and outputs on each | 
of the four master/slave counting flip-flops. Terminal 
count is generated internally in a manner that allows 
synchronous loading at nearly the speed of the basic 
counter. 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to —2.0 voits. 
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L-z 


Clock 


4-BIT BINARY COUNTER LOGIC DIAGRAM 











1/2 10H109 

















Note that this diagram is provided for understanding of logic operation only. It should not be used for evaluation of 
propagation delays as many gate functions are achieved internally without incurring a full gate delay. 


+ N Counter 1— 16° 
MC10H016 Cascaded for 5 Stage Presettable Counter 


Max freq. is only OR gate delay below max when counting alone. 








Fo 





(M\) MOTOROLA 


QUAD 2-INPUT NOR GATE WITH STROBE 


The MC10H100.is a quad NOR gate. Each gate has 3 inputs, two 
of which are independent and one of which is tied common to 
all four gates. 


@ Propagation Delay, 1.0 ns Typical 
@ 25 mW Typ/Gate (No Load) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


_ @ Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS | 


Red : 
Operating Temperature Range 


VEE : dc 
Vv dc 
50 A 
100 
°C 
Storage Temperature Range — Plastic Tstg °C 
— Ceramic 


[oe | 
' ELECTRICAL CHARACTERISTICS (Vee = —5.2 V +5%) (See Note) 


-55 to +150 
-55 to +165 
Symbol 


Min 
| Power Supply Current] Ie _| | 26 | — | 29 | ma | 
900 

















Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 

























| Input Current High 
Pin 9 
All Other Inputs 












High Input Voltage —1.17| —0.84 | —1.13 | —0.81 | - 1.07 |-0.735] vac 
Low Input Voltage 


Propagation Delay 
Pin 9 Only 





Exclude Pin 9 


Fall Time te 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H100 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX - 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204 CASE 775 


LOGIC DIAGRAM 


Vcci = Pin1 
Vcc2 = Pin 16 
Vege = Pin8 





DIP 
PIN ASSIGNMENT 


Common 
Input 
(A, B, C, D) 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





@) mororo.a 


L SUFFIX. 
CERAMIC PACKAGE 
CASE 620 


QUAD OR/NOR GATE 


The MC10H101 is a quad 2-input OR/NOR gate with one input 
from each gate common to pin 12. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 


‘P SUFFIX © 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


16 


@ Propagation Delay, 1.0 ns Typical 
e Power Dissipation 25 mW/Gate (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 


@ MECL 10K-Compatible 
LOGIC DIAGRAM 





MAXIMUM RATINGS 


Power Supply (Vcc = 0) : 


Output Current — Continuous 
— Surge 


Vec1 = Pin 1 
Vcc2 = Pin 16 
| VEE = Pin 8 


DIP 
PIN ASSIGNMENT 


Dout 


“18 


Cout 
Din 


Common 


Propagation Delay Input 
Pin 12 Only C 

Exclude Pin 12 aa 
Cin 


Dout 





NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fom is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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(M\) MOTOROLA 


QUAD 2-INPUT NOR GATE 


The MC10H102 is a quad 2-input NOR gate. The MC10H102 
provides one gate with OR/NOR outputs. This MECL 10H part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 
® Propagation Delay, 1.0 ns Typical 
e Power Dissipation 25 mW/Gate (same as MECL 10K) 
® Improved Noise Margin 150 mV (Over Operating Voltage and 

Temperature Range) 

@ Voltage Compensated 


@ MECL 10K-Compatible 





MAXIMUM RATINGS 


[reais [Set ti 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


| Vee | Vde | 
Tw 
Output Current — Continuous State 
— Surge — 
| om | on | 










| Operating Temperature Range 


Storage Temperature Range — Plastic Tstg 
— Ceramic 


rail 
P= | 2 
[= 
pes | — [os 
s|-135|-101|¥ 


Vide 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 voits. 
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CASE 620 


= LSUFFIX _ 
i 1 Y CERAMIC PACKAGE 
Hy 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Vceci = Pin 1 
Vcc2 = Pin 16 
Veg = Pin8 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





(AA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUAD 2-INPUT OR GATE 


The MC10H103 is a quad 2-input OR gate. The MC10H103 pro- 
vides one gate with OR/NOR outputs. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 F 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


e Propagation Delay, 1.0 ns Typical 


e@ Power Dissipation 25 mW/Gate (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 
Characteristic 


Power Supply (Vcc = 0) 


input Voltage (Vcc = O) O to VEE 


| Output Current — Continuous lout mA 
— Surge 


Vec1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


DIP 
PIN ASSIGNMENT 








H 


| . ; 
IL pels 


V 
V 





Low Input Voltage 
AC PARAMETERS 


[= 1.95 
ted | 04 | 13 | 04 
17 | 05 | 

05 





[rains | 4 | 08 | 1. 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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| (M\) MOTOROLA 


QUAD 2-INPUT AND GATE 


~The MC10H104 is a quad 2-input AND gate. One of the gates 
has-both AND/NAND outputs available. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 


Propagation Delay, 1.0 ns Typical 
Power Dissipation 25 mW/Gate (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS | 


Characteristic Symbol | Rating | 


[ayia [ aang [a 

ead 

a 
°C 





50 
100 
Ta 


-—55 to 150 
—55 to 165 


Storage Temperature Range — Plastic 
— Ceramic 


Input Current High 
Input Current Low 


Propagation Delay |e: | 
Fall Time o 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H104 


1 


eee 
iM i wii ee 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Vec1 = Pin 
Vcc2 = Pin 16 
VEE = Pin8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





(A) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRIPLE 2-3-2-INPUT OR/NOR GATE 


The MC10H105 is a triple 2-3-2-input OR/NOR gate. This MECL 
10H part is a functional/pinout duplication of the standard MECL | | 
10K family part, with 100% improvement in propagation delay, P SUFFIX 


and no increases in power-supply current. PLASTIC PACKAGE 


CASE 648 1S 


Propagation Delay, 1.0 ns Typical u 


Power Dissipation 25 mW/Gate (same as MECL 10K) 


> FN SUFFIX 
: . : PLCC 
Improved Noise Margin 150 mV (Over Operating Voltage and 204 ener aye 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


LOGIC DIAGRAM 





MAXIMUM RATINGS 3 


5 
Characteristic 


3 

2 
9 

Power Supply (Vcc = 0) os SS 
11 


Input Voltage (Vcc = 0) 0 to VEE 

Output Current — Continuous 50 ve | : be 
— Surge 100 2 

Veci1 = Pin 


Operating Temperature Range 
Vec2 = Pin 16 


~ 55 to 150 
— 55 to 165 
VEE = Pin 8 
Characteristic Symbol 


an 





DIP 
PIN ASSIGNMENT 


| Min | 

Power Supply Current | ote | 

Input Current High | tiny | — | 425 | 
|= 1.02 | 


le | — | 
Input Current Low Cite MOS: licen) 
High Output Voltage — 1.02 
Low Output Voltage — 1.63 | — 1.95; — 1.63 
=1.13| ~0.81 | ~1, 
vn =195] — 148 | 





NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





(M\) MOTOROLA ; MC10H106 | 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRIPLE 4-3-3 INPUT NOR GATE 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


The MC10H106 is a triple 4-3-3 input NOR gate. This 10H part 
is a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay and no 
increase in power-supply current. 


1 


FN SUFFIX 
PLCC 
20; CASE 775 


e Propagation Delay, 1.0 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 





® Voltage Compensated 


@ MECL 10K-Compatible LOGIC DIAGRAM 





MAXIMUM RATINGS 





Characteristic | Symbol | Rating 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 0 to VEE 


| Unit | 
Output Current — Continuous (oe 
°C 









— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg —55 to + 150 
— Ceramic —55 to + 165 


= Pin 1 
= Pin 16 





Propagation Delay steal. | 
Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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(MA) MOTOROLA 


TRIPLE 2-INPUT EXCLUSIVE 
“OR” /EXCLUSIVE “NOR” 


The MC10H107 is a triple 2-input exclusive OR/NOR gate. This 
MECL 10H part is a functional/pinout duplication of the standard 
MECL 10K family part, with 100% improvement in propagation 
delay, and no increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 
@ Power Dissipation 35 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


Output Current — Continuous lout 50 mA 
— Surge 100 


[Max 
) oe = loos aa 


75° 
_Min_| Max | Min 

a 
Paes 
|= 1.95] -1 


| 
| | 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 16 
CASE 648 ; 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Vcc1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


*NC = No Connection 





(MA) MOTOROLA | MC10H109 


i CASE 620 


———_ L SUFFIX 
t Y CERAMIC PACKAGE 


' 
1 


DUAL 4-5-INPUT “OR/NOR” GATE 


- The MC10H109 is a dual 4-5-input OR/NOR gate. This MECL 10H 
part is a functional/pinout duplication of the standard MECL 10K 
family part, with 100% improvement in propagation delay, and 
no increase in power-supply current. 


ul 


, P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


1 


1 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


@ Propagation Delay, 1.0 ns Typical 


@ Power Dissipation 35 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Output Current — Continuous 
— Surge 


Pin 1 
Pin 16 


PIN ASSIGNMENT 


High Output Voltage 
Low Output Voltage 
High Input Voltage —1.17 
Low Input Voltage 





NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted — 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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(AA) MOTOROLA 


QUAD EXCLUSIVE OR GATE 


The MC10H113 is a Quad Exclusive OR Gate with an enable 
common to all four gates. The outputs may be wire-ORed together 


to perform a 4-bit comparison function (A =B). The enable is active 
LOW. 


@ Propagation Delay, 1.3 ns Typical 


@ Power Dissipation 175 mW Typ/Pkg (No Load) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


| Characteristic | Symbol 
Power Supply (Vcc = 0) | Vee | -80t00_ 
Input Voltage (Vcc = 0) Pp 2 | 0 to Veg 


Output Current — Continuous lout 
— Surge 100 


VEE ‘ 
VI 
50 
Operating Temperature Range 


Storage Temperature Range — Plastic Tstg — 55 to 150 
— Ceramic —55 to 165 
peg ae 


Power Supply Current | 46 | 


| Min_| Max | Min | Max | Min_ 
fee ae 
Input Current High i 
Pins 5, 7, 11, 13 430 270 
Pins 4, 6, 10, 12 510 320 
J Input Current Low | lin. | 05 | — | 05 | 
Vde 
V 
‘p 
t 


O 
| as 
i [= 14a | 196 — 1.48 | va | 
d 
r 
tf 







































AC PARAMETERS 


Propagation Delay 

Data 

Enable 

[Rise Time ste 


[rawtime | 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 1S 


1 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM — 


E 9 


TRUTH TABLE 


& = Don't Care 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





MC10H115_ 


| (AA) MOTOROLA 


QUAD LINE RECEIVER © ‘ einee 
| és CERAMIC PACKAGE 
The MC10H115 is a quad differential amplifier designed for use CASE 620 


in sensing differential signals over long lines. This 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in counting frequency and no 


increase in power-supply current. > ao eer tee 

The base bias supply (Vgp) is made available at Pin 9 to make CAsE6agw C8 
the device useful as a Schmitt trigger, or in other applications 
where a stable reference voltage is necessary. Active current ot fm a EN SUFFIX 
sources provide the MC10H115 with excellent common mode PLCC 
rejection. If any amplifier in a package is not used, one input of 20, CASE 775 


that amplifier must be connected to Vgp (Pin 9) to prevent upset- 
ting the current source bias network. 





@ Propagation Delay, 1.0 ns Typical 
®@ Power Dissipation 110.mW Typ/Pkg (No Load) 


® Improved Noise Margin 150 mV 
(Over Operating Voltage and 
Temperature Range)’ 


LOGIC DIAGRAM | 


@ Voltage Compensated 
@ MECL 10K-Compatible | ced eg a 


MAXIMUM RATINGS VEE = Pin8 


Symbol | Rating 
Power Supply (Vcc = 0) 7 | 
Input Voltage (Vcc = 0) . 


Output Current — Continuous lout 
— Surge 


Storage Temperature Range — Plastic 
— Ceramic 












‘When input pin with 
bubble goes positive 
its respective output. 
pin with bubble goes © 
positive. 





*VBp to be used to supply bias to the MC10H115 
only and bypassed (when used) with 0.01 uF to 
0.1 uF capacitor to ground (0 V). Vgpg can source 
<1.0mA. © . 

The MC10H115 is designed to be used in sensing 
differential signals over long lines. The bias supply 

(VBB) is made available to make the device useful 

as a Schmitt trigger, or in other applications where 


ELECTRICAL CHARACTERISTICS (Vee = —5.2 V +5%) (2) a stable reference voltage is necessary. 


Fe Active current sources provide these receivers 
Characteristic Symbol 


with excellent common-mode noise rejection. If any 
| Min amplifier in a package is not used, one input of that 
amplifier must be connected to Vgp to prevent 
Power Supply Current Cie [oe unbalancing the current-source bias network. 
‘ The MC10H115 does not have internal-input pull- 
Input Current High lack | 15 j= | 95 | down resistors. This provides high impedance to 
the amplifier input and facilitates differential 
Reference Voltage —1, , : 
Low Output Voltage | Voi | -1.95| ~1.63| ~1.95| -1.6 | 
High Input Voltage (Vin | — 1.17 - 
Low Input Voltage (1) 


Applications: 
Common Mode VCMR 
Range (3) 































—_ 
Ww 
o1 
| 
= 
N 


© Schmitt Trigger Interface 











= 
ou 
Ww 


DIP 
PIN ASSIGNMENT 


Input Sensitivity (4) 





@ Low Level Receiver @ Voltage Level 


eo 
4[o 
5 | 05 
7 os | 


NOTES: 

1. When Vgp is used as the reference voltage. 

2. Each MECL 10H series circuit has been designed to meet the specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to — 2.0 volts. Pin assignment is for Dual-in-line Package. 

3. Differential input not to exceed 1.0 Vdc. ‘For PLCC pin assignment, see tables on page 1-35. 

4. 150 mMVp-p differential input required to obtain full logic swing on output. 
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(MA) MOTOROLA 


TRIPLE LINE RECEIVER 


The MC10H116 is a functional/pinout duplication of the 
MC10116, with 100% improvement in propagation delay and no 
increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 


@ Power Dissipation 85 mW Typ/Pkg (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


Power Supply (Vcc = 0) 
0 to VEE 


Input Voltage (Vcc = 0) 


Operating Temperature Range 0-75 


Output Current — Continuous mA 
— Surge 

°¢ 

i @ 





Storage Temperature Range — Plastic Tstg — 55 to 150 
— Ceramic —55 to 165 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (2) 






ca 

To | 

FLow Output Vokage | Vo. | —1.96]— 1.68] -198 | 1.68] 1.96] —1.60 
cs 






Common Mode ee] 


Range (3) 


ale 
Input Sensitivity (4) Vpp Bee 
| 0.4 | 
08 | 
08 | 


mA 

pA 

pA 
dc 
dc 
dc 
dc 
dc 
dc 
VPP 


V 
V 
V 
V 
Vv 
V 
m 


AC PARAMETERS 
Propagation Delay 


i e 
Fall Time tf 


NOTES: 

1. When Vpp is used as the reference voltage. 

2. Each MECL 10H series circuit has been designed to meet the specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 

3. Differential input not to exceed 1.0 Vdc. 

4. 150 mVp-p differential input required to obtain full logic swing on output. 


1.7 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


4 
5 
9 
10 


13 


_~ p; When input pin with 

Vcc1 il : bubble goes positive 

Vec2 = Pin 16 it's respective output 

VEE = Pin 8 pin with bubble goes 
positive. 


*VBp to be used to supply bias to the MC10H116 
only and bypassed (when used) with 0.01 uF to 
0.1 «F capacitor to ground (0 V). Vag can source 
< 1.0 mA. 


The MC10H116 is designed to be used in sensing 
differential signals over long lines. The bias supply 
(VBpB) is made available to make the device useful 
as a Schmitt trigger, or in other applications where 
a stable reference voltage is necessary. 

Active current sources provide these receivers 
with excellent common-mode noise rejection. If any 
amplifier in a package is not used, one input of that 
amplifier must be connected to Vgp to prevent 
unbalancing the current-source bias network. 

The MC10H116 does not have internal-input pull- 
down resistors. This provides high impedance to 
the amplifier input and facilitates differential 
connections. 

Applications: 

@ Low Level Receiver Voltage Level 
® Schmitt Trigger Interface 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 








(AA) MOTOROLA | ~ MC10H117— 





















L SUFFIX 


DUAL 2-WIDE 2-3-INPUT 
“OR-AND/OR-AND-INVERT” GATE 


CERAMIC PACKAGE 
CASE 620 


The MC10H117 is a general purpose logic element designed for 
use in data control, such as digital multiplexing or data distri- 
bution. Pin 9 is common to both gates. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; : CASE 775 


LOGIC DIAGRAM 


@ Propagation Delay, 1.0 ns Typical 
®@ Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


® Voltage Compensated 
@ MECL 10K-Compatible — 























MAXIMUM RATINGS 


VEE 
50 





Output Current — Continuous 
— Surge 


lout 
100 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg —55 to 150 
- — Ceramic —55 to 165 
ays 

























Vcc1 = 


Power Supply Current 





Vcc2 = Pin 16 
Input Current High © Vege = Pin 8 


. Pins 4, 5, 12, 13 

Pins 6, 7, 10, 11 

' Ping 
DIP 

. PIN ASSIGNMENT 


Propagation Delay 
Fall Time 


NOTE: 
Each MECL 10H series circuit has. been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 





Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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(@) mororona 


DUAL 2-WIDE 3-INPUT “OR-AND” GATE 


The MC10H118 is a basic logic building block providing the OR/ 
AND function, useful in data control and digital multiplexing appli- 
cations. '@4This MECL 10H part is a functional/pinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in propagation delay, and no increase in power-supply current. 


Propagation Delay, 1.0 ns Typical 
Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


| Characteristic | Symbol_| Rating 
Power Supply (Vcc = 0) | Vee | -8.0t00_ 
Input Voltage (Vcc = 0) fo ow | 0 to VEE Vdc 


Output Current — Continuous 50 
— Surge 100 
| m™ | o7 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg —55 to 150 
— Ceramic ~—55 to 165 
er [oe 


Power Supply Current] Ie 


Input Current High 
Pins 3,4,5,12,13,14 
Pins 6,7,10,11 
Pin 9 


of 


Low Input Voltage (1) 
AC PARAMETERS 


[=1.96 = 
[Propagation Delay | tpg | 05 
Pos 
Pos 

















Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
CASE 775 


LOGIC DIAGRAM 


a 


=(3+4+5)e(6+ 7+ 9) 
15 = (9 + 10 + 11) @(12 + 13 + 14) 
Vceci1 = Pin1 
Vcc2 = Pin 16 
Vee = Pin8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 








(MA) MOTOROLA | Mc10H119 © 





L SUFFIX 













CERAMIC PACKAGE 
CASE 620 


4-WIDE 4-3-3-3-INPUT “OR-AND” GATE 
. The MC10H119 is a 4-wide 4-3-3-3-input OR/AND gate with one | 

‘input from two gates common to pin 10. This MECL 10H part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 

@ Propagation Delay, 1.0 ns. Typical 

e Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 

@ Improved Noise Margin 150 mV (Over Operating Voltage and 

Temperature Range) . 


P SUFFIX 
PLASTIC PACKAGE - 
CASE 648 


.. FN SUFFIX. 
PLCC 
20,4) “CASE 775 


LOGIC DIAGRAM 





'@ Voltage Compensated 
@ MECL 10K-Compatible 











MAXIMUM RATINGS 
Characteristic 


| Symbol | Rating 
0 to VEE 


VEE 

Vi. 
Storage Temperature Range — Plastic Tstg —55 to 150 
Ne — Ceramic — 55 to 165 


ELECTRICAL CHARACTERISTICS (Vee = —5.2 V +5%) (See Note) 












Power Supply (Vcc = 0) 






Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 









Operating Temperature Range 





















Characteristic Vcec1 = Pin 1 


Vcc2 = Pin 16 
VEE = Pin 8 









Input Current High 

Pins 3, 4, 5, 6, 7,9 

11, 12, 13, 14, 15 | 

Pin 10 
DIP 

PIN ASSIGNMENT 


Vcc2 
A4in 
Adin 
Propagation Delay ~ A4in 
Pin 10 Only — oo 
Exclude Pin 10 A3in 
A3in 
A2in, A3in 
NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test : A2jn 


tabie, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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| (AA) MOTOROLA MC10H121 







L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


4-WIDE “OR-AND/OR-AND-INVERT” GATE 


The MC10H121 is a basic logic building block providing the 
simultaneous OR-AND/OR-AND-INVERT function, useful in data 





control and digital multiplexing applications. This MECL 10H part P SUFFIX 

is a functional/pinout duplication of the standard MECL 10K family PLASTIC PACKAGE ,¢ 
i : : ; CASE 648 

part, with 100% improvement in propagation delay, and no 


1 


FN SUFFIX 
PLCC 
204 CASE 775 


LOGIC DIAGRAM 








increase in power-supply current. 
Propagation Delay, 1.0 ns Typical 
Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic 

Power Supply (Vcc = 0) ~-8.0 to 0 

Input Voltage (Vcc = 0) 

hecaasas "ci Mec eS 
— Surge 

TA 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg ~ 55 to 150 
-— Ceramic —55 to 165 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (See Note) 


Characteristic 


Power Supply Current 


Input Current High 
Pins 3, 4, 5, 6, 7,9 
11, 12, 13, 14, 15 
Pin 10 
Input Current Low 


High Output Voltage 


Vcci1 = Pin 1 
Vcc2 = Pin 16 
Vee = Pin8 














DIP 
PIN ASSIGNMENT 


Low Output Voltage 
High Input Voltage VIH — 0.84 


Low Input Voltage VIL 


AC PARAMETERS 


Propagation Delay 
Pin 10 Only 
Exclude Pin 10 


Rise Time 


i tr ‘ 
NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 


on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 









Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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| (MA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRIPLE 4-3-3 INPUT BUS DRIVER 


The MC10H123 is a triple 4-3-3 Input Bus Driver. 

The MC10H123 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with VoL = —2.1 Vdc so that the bus may be 
terminated to — 2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10H123 are “‘turned-off.” This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VOH level is specified when driving a 25-ohm load termi- 
nated to — 2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped- 
ance that can be driven by the MC10H123, higher impedance 
values may be used with this part. A typical 50-chm bus is shown 
in Figure 1. 
® Propagation Delay, 1.5 ns Typical 


® Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


P SUFFIX 
PLASTIC PACKAGE | 


CASE 648 16 


1 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


@ Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Input Voltage (Vcc = 0) 


Output Current — Continuous | 
— Surge 


—55 to 150 
— 55 to 165 


75° 
Max . 


Min | 
ea 


Vcc1 = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 


DIP 
PIN ASSIGNMENT 


[Man 
6 | 
fees 


=2.03 
~0.81 | — 1.07 Vde 


Propagation Delay 
: 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.1 volts. 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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FIGURE 1 — 50-OHM BUS DRIVER (25-OHM LOAD) 


1/3 MC10H123 1/3 MC10H123) 1/3 MC10H123 


Zo= 50 


RECEIVERS (MECL Gates) 
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(M\) MOTOROLA 


QUAD TTL-TO-MECL TRANSLATOR 
WITH TTL STROBE INPUT 


The MC10H124 is a quad translator for interfacing data and 
control signals between a saturated logic section and the MECL 
section of digital systems. The 10H part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power- 
supply current. 

Outputs of unused translators will go to low state when their 
inputs are left open. 


e@ Propagation Delay, 1.5 ns Typical 


e@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


; Characteristic 


Power Supply (Vcc = 5.0 V) 








| Symbol_| Rating | Unit __| 
| Meg | =sotoo | vie 
Power Supply (VEE = ~5.2 V) 
Input Voltage (Vcc = 5.0 V) TTL 
< 
ae poze] 














a 





Output Current — Continuous hee 


— Surge 
Operating Temperature Range 


TA °C 
Storage Temperature Range — Plastic Tstg —55 to +150 °C 
— Ceramic —55 to +165 


ELECTRICAL CHARACTERISTICS ries ee = ~5.2V +5%, Vcc = 5.0 V + 5.0%) 





Negative Power 
Supply Drain 
Current 


een [te lel-lel- [el 
Pin 6 
Pin 7 
mae 
Pin 6 
Pin 7 : 
Kl Bl ad Hal Dl i al 
meee 
Lk | Input Clamp Voltage | Voltage | Vy | | — [15] — | -15[ — | Vdc 
Iebenovsatvenncedl Vous [eee] eal nent =a =0.735| Vde 
[Low Output Voltage | Vou |~1.95]—1.63| —196] 1.69] — 1.95 
| 20 | — | 20 | — | 20 | 
Le 08 [oe | 






























High Input Voltage 
Low Input Voltage iar 


NOTE: — 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Gnd 
Vcc (+5.0 Vdc) 
Veg (—5.2 Vde) 





DIP 
PIN ASSIGNMENT 


Bout 
Aout 
Bout 


Aout 


Ain 
Common 
Strobe 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





Propagation Delay 
Fall Time 





APPLICATIONS INFORMATION 


The MC10H124 has TTL-compatible inputs and MECL 
complementary open-emitter outputs that allow use as 
an inverting/non-inverting translator or as a differential 
line driver. When the common strobe input is at the 
low-logic level, it forces all true outputs to a MECL low- 
logic state and all inverting outputs to a MECL high- 
logic state. 
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An advantage of this device is that TTL-level infor- 
mation can be transmitted differentially, via balanced 
twisted pair lines, to MECL equipment, where the signal 
can be received by the MC10H115 or MC10H116 differ- 
ential line receivers. The power supply requirements 
are ground, +5.0 volts, and —5.2 volts. 








MOTOROLA 


QUAD MECL-TO-TTL TRANSLATOR 


The MC10H125 is a quad translator for interfacing data and 
control signals between the MECL section and saturated logic 
section of digital systems. The 10H part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power- 


supply current. 
Outputs of unused translators will go to low state when their 
inputs are left open. 
® Propagation Delay, 2.5 ns Typical @ Voltage Compensated 
@ Improved Noise Margin 150 mV @ MECL 10K-Compatible 
(Over Operating Voltage and Temperature Range) 


MAXIMUM RATINGS 


; Characteristic 


Power Supply (Vcc = 5.0 V) 














Power Supply (Veg = —5.2 V) Vcc 


Operating Temperature Range T Oto +75 
, 
— Ceramic —55 to 165 °C 
ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%; Vcc = 5.0 V + 5.0% ) 
(See Note) 


Symbol 


Negative Power 
Supply Drain 
Current 


Input Voltage (Vcc = 5.0 V) 













A 
stg 





Positive Power Supply 
Drain Current 


Icc 
Icc 


x= 


Input Current 


Input Leakage Current} Icp 


High Output Voltage Vo 
lIOH = —1.0 mA 


—e 
Zio jt ler 


Low Output Voltage VOL 
loL = +20 mA 


High Input Voltage(1) 
Low Input Voltage(1) 
Short Circuit Current 


VIH 
VIL 
Reference Voltage VB 


Common Mode VcM 


Range (3) 


igh pi voto | Van 
row input vag) [va 
[stor Gren are] os 
Petoeres voto | Vas 
[rene | Yer 
eee eat 
apa Sanayi 


Input Sensitivity (4) Vpp 


NOTES: 

1. When Vgp is used as the reference voltage. 

2. Each MECL 10H series circuit has been designed to meet the specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. 

3. Differential input not to exceed 1.0 Vdc. 

4. 150 MVp_p differential input required to obtain full logic swing on output. 

5. 1.0 V to 2.0 V w/25 pF into 500 0. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 16 
CASE 648 P 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


VBB* 
Gnd = Pin 16 
Vcc (+5.0 Vde) = Pin 9 
Vee (-5.2 Vdc) = Pin 8 


*Vpp to be used to supply bias to the MC10H125 
only and bypassed (when used) with 0.01 uF to 
0.1 «wF capacitor to ground (0 V). Veg can source 
< 1.0 mA. 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





APPLICATION INFORMATION 


The MC10H125 incorporates differential inputs and 
Schottky TTL ‘‘totem pole” outputs. Differential inputs 
allow for use as an inverting/non-inverting translator or 
as a differential line receiver. The Vgp reference voltage 
is available on Pin 1 for use in single-ended input biasing. 
The outputs of the MC10H125 go to a low-logic level 
whenever the inputs are left floating, and a high-logic 


output level is achieved with a minimum input level of 
150 MVp-p. : 

An advantage of this device is that MECL-level infor- 
mation can be received, via balanced twisted pair lines, 
in the TTL equipment. This isolates the MECL-logic from 
the noisy TTL environment. Power supply requirements 
are ground, +5.0 volts and — 5.2 volts. 
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(MA) MOTOROLA MC10H130 


L SUFFIX 
- CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


DUAL LATCH 


The MC10H130 is a MECL 10H part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock speed and propagation delay and no 
increase in power-supply current. 


Propagation Delay, 1.0 ns Typical 
Power Dissipation, 155 mW Typical 


FN SUFFIX 
PLCC 
CASE 775 


LOGIC DIAGRAM 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 





Voltage Compensated 
MECL 10K-Compatible 














MAXIMUM RATINGS 


Power Supply (Vcc = 0) | Mee | -80t00 | Vado 
Input Voltage (Vcc = 0) } My | (Oto Veg Vde 


Output Current — Continuous lout 50 mA 
— Surge 100 


Storage Temperature Range — Plastic = 
— Ceramic 


ties 
Power Supt Cut] ie [ = 


Input Current High 
Pins 6, 11 

Pins 7, 9, 10 
Pins 4, 5, 12, 13 434 


aise 


AC PARAMETERS 


Propagation Delay 
Data 
Set, Reset 
Clock, CE 


Cs aaa 
Fall Time haate a 
22 















Vec1 = Pin 1 
Vcc2 = Pin 16 




















ON OO FR WN 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to —2.0 volts. 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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APPLICATION INFORMATION 


The MC10H130 is a clocked dual D type latch. Each 
latch may be clocked separately by holding the common 
clock in the low state, and using the clock enable inputs 
for the clocking function. If the common clock is to be used 
to clock the latch, the clock enable (CE) inputs must be in 
the low state. In this mode, the enable inputs perform the 
function of controlling the common clock (C). 

Any change at the D input will be reflected at the output 
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while the clock is low. The outputs are latched on the posi- 
tive transition of the clock. While the clock is in the high . 
state, a change in the information present at the data 
inputs will not affect the output information. 

The set and reset inputs do not override the clock and D 
inputs. They are effective only when either C or CE or both 
are high. 








(MA) MOTOROLA 


DUAL TYPE D MASTER-SLAVE 
FLIP-FLOP | 


The MC10H131 is a MECL 10H part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock speed and propagation delay and no 
increase in power-supply current. 


®@ Propagation Delay, 1.0 ns Typical 


@ Power Dissipation, 235 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


® Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 













Input Voltage (Vcc = 0) 










Output Current — Continuous 


lout 50 mA 
— Surge 100 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg — 55 to 150 
— Ceramic ~55 to 165 























| Min | Max | 
[Power Supply Current] ie | — | 6 | — | 
Input Current High linH pA 
530 310 310 
660 390 390 
Pins 7, 10 485 285 285 
Pins 4, 5, 12, 13 790 465 465 
Low Output vottage | Vo. | —1.96| —1.63] 196] -1.69] ~1.95| 1.60] vac. 
=0.735 


Pins 6, 11 
Input CurrentLow | linn | 05 | — | 05 | — | 03 | — | uA | 
ar) 092] 0738) vac 
| Vde 


Pin 9 
| 
= 1.95 | ~1.48 | ~ 1.95 | - 1.48 | - 1.95] - 1.45) 






Propagation Delay 
Clock, CE 
Set, Reset 


Fall Time 


Set-up Time 
Hold Time 


Toggle Frequency 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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RS TRUTH TABL 


N.O. = Not Oefined 


MC10H131 


L SUFFIX 
_ CERAMIC PACKAGE 
_ CASE 620 


Fagin 


P SUFFIX 
PLASTIC PACKAGE 16 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


@ = Don't Care 
C= Ce + Cc. 


A clock H is a clock transition 


from a low to a high state. 


DIP 
PIN ASSIGNMENT 


ON OO FWD = 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 





g CLOCKED TRUTH TABLE 


APPLICATION INFORMATION 


The MC10H131 is a dual master-slave type D flip-flop. In this case, the enable inputs perform the function of 
Asynchronous Set (S) and Reset (R) override Clock (Cc) controlling the common clock. 
and Clock Enable (CE) inputs. Each flip-flop may be The output states of the flip-flop change on the positive 
clocked separately by holding the common clock in the transition of the clock. A change in the information present 
new low state and using the enable inputs for the clocking at the data (D) input will not affect the output information 
function. If the common clock is to be used to clock the at any other time due to master slave construction. 


flip-flop, the Clock Enable inputs must be in the low state. 
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(MA) MOTOROLA | MC10H135 


DUAL J-K MASTER SLAVE FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 


. CASE 620 
The MC10H135 is a dual J-K master slave flip-flop. The device 


is provided with an asynchronous set(s) and reset(R). These set 
and reset inputs overide the clock. 

A common clock is provided with separate J-K inputs. When 
the clock is static, the JK inputs do not effect the output. The 
output states of the flip flop change on the positive transition of 
the clock. 


Propagation Delay, 1.5 ns Typical @® Improved Noise Margin 150 mV 


Power Dissipation, 280 mW (Over Operating Voltage and 
Typical/Pkg. (No Load) ee nica 
‘* fisg 250 MHz Max @ Voltage polneneste 
@ MECL 10K-Compatible 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 




















MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 





Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


Characteristic Symbol 


Power Supply Current | oie 


Input Current High 



























Pins 6, 7, 10, 11 ND. = Not Defined *Output states change 
Pins 4, 5, 12, 13 on positive transition 
Pin 9 of clock for J-K input 


Input Current Low ears pee condition present. 
=0.735 
=1.95 =1.95 | ~1.63| -1.95 | ~1.60 | Vdc 


AC PARAMETERS 


Propagation Delay tpd 0.7 
Set, Reset, Clock 


rms 
= 
=e 


DIP 
PIN ASSIGNMENT 






Fall Time tf 
Hold Time 





Toggle Frequency 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 


are terminated through a 50-ohm resistor to — 2.0 volts. . : : ar 
Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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(AA) MOTOROLA 


UNIVERSAL HEXADECIMAL COUNTER 


The MC10H136 is a high speed synchronous hexadecimal 
counter. This 10H part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in count- 
ing frequency and no increase in power-supply current. 


@ Counting Frequency, 250 MHz Minimum @ Voltage Compensated 
@ Power Dissipation, 625 mW Typical @ MECL 10K-Compatible 


@ Improved Noise Margin 150 mV 
(Over Operating Voltage and Temperature Range) 





MAXIMUM RATINGS 


Power Supply (Vcc = 0 
Input Voltage (Vcc = 0) 0 to Ver 


Output Current — Continuous 
— Surge 














— 55 to 150 
— 55 to 165 


4 
. 

| 

oi 


Power Supply Current 


Input Current High 
Pins 5, 6, 11, 12, 13 
Pin 9 
Pin 7 
Pin 10 


Input Current Low 
High Output Voltage 
Low Output Voltage 


Characteristic aay 
V 


NWAD = 
S BWN ~ fo) 
oe oacag ol 
a 





AC PARAMETERS 


Propagation Delay 
Clock to Q 
Clock to Carry Out 
Carry in to Carry 
Out 
Set-up Time tset 
Data (DO to C) 
Select (S to C) 
Carry In (Cjp to C) 
(C to Cin) 


Hold Time thold 
Data (C to DO) 
Select (C to S) 
Carry In (C to Cin) 
(Cin to C) 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX K 
PLASTIC PACKAGE 16 
CASE 648 


1 
FN SUFFIX 
PLCC 
20; CASE 775 


FUNCTION SELECT TABLE 


Operating Mode 
Preset (Program) 
* | Increment (Count Up) 


Hold Count 
Decrement (Count Down) 


Hold Count 
Hold (Stop Count) 


INPUTS. OUTPUTS 




















Carry | Clock Carry 
D2} D3] In aie Q2]Q3] Out 
H fo) H 





seer eta aa 





@ = Don't care. 
* Truth table shows logic states assuming inputs vary in sequence 
shown from top to bottom. 
** A clock H is defined as a clock input transition from alow toa 
high logic level. 


DIP 
PIN ASSIGNMENT 


13 L_] Clock 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 














LOGIC DIAGRAM 


Carry In 
10 o 


$2 a 
& 


Vec1 = Pin1 
i iz Vcec2 = Pin 16 





VEE = Pin 8 
12 a 
DO Q3 Carry Out 
NOTE: FLIP FLOPS WILL TOGGLE WHEN ALL T INPUTS ARE LOW. 
APPLICATION INFORMATION 

The MC10H136 is a high speed synchronous counter The $1, S2, control lines determine the operating modes 
that operates at 250 MHz. Counter operating modes of the counter. In the pre-set mode, a clock pulse is neces- 
include count up, count. down, pre-set and hold count. sary to load the counter with the information present on 
This device allows the designer to use one basic counter the data inputs (DO, D1, D2, and D3). Carry out goes low 
for many applications. on the terminal count or when the counter is being pre-set. 
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(AA) MOTOROLA MC10H141 
















FOUR-BIT UNIVERSAL SHIFT REGISTER L SUFFIX 


CERAMIC PACKAGE 
CASE 620 
The MC10H141 is a four-bit universal shift register. This device 


is a functional/pinout duplication of the standard MECL 10K part 
with 100% improvement in propagation delay and operation fre- 
quency and no increase in power supply current. 


e@ Shift frequency, 250 MHz Min 
e Power Dissipation, 425 mW Typical 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 iS 


; 
FN SUFFIX 
PLCC 
20; CASE 775 


TRUTH TABLE 


@ Improved Noise Margin 150 mV (over operating 
voltage and temperature range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 








MAXIMUM RATINGS 


Characteristic 








Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 











Output Current — Continuous 
— Surge 












* Outputs as exist after pulse appears at “C” input with 
input conditions as shown (Pulse Positive transition 
of clock input). 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg 
— Ceramic 
Characteristic 


Power Supply Current 


Input Current High 
Pins 5,6,9,11,12,13 
Pins 7,10 

Pin 4 


Input Current Low lin 
High Output Voltage | Vo = 
Low Output Voltage Vo 2 











—55 to 150 
—55 to 165 


: —1.60| V 


0.735] Vdc 


—1.95| —1.45 | Vdc 


DIP 
PIN ASSIGNMENT 










Symbo 


a 


GQ N RN = 
N © o1 = 
ooo NO 





112 


linH BA 









—_ 

Oo 

NO 
ar 
= = O 
on om 


| 
© 
fo) 
aa 
A 
eo) 
os) 


— 
om 


ES =| 


ce) 
or 
| 
= 
o> 
Ww 
1 ft | 
— 
co 
a 
| 
—s 
o>) 
w 
i 
esa 
co 
a 


—y 


< 
DoF jz |r 


High Input Voltage 
Low Input Voltage VIL 


AC PARAMETERS 


Propagation Delay 


Hold Time — thold 


io 
Data, Select ie 
tset 
1.5 
| 05 | 
0.5 


— 
Ni 
| 
ro) 
oo 
L 
| 
—" 
= 
wW 
| 
© 
ro) 
— 











— 


co 
or 
| 
—_ 
aS 
re) 









N 
>) 
N 
° 
—_ 
a 
N 
el 


aed Be ' 
AA 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





Set-up Time 
Data 
Select 









. . 
fRisetime | _y | os | 2 
Fall Time < 
Shift Frequency 250 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


NO 
£ 
Oon- 
oo 
N | 
A [A 
= 
- 
N 
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| MC10H141 





LOGIC DIAGRAM 


D3 D2 


() F 
Parallel Enter 











- (att SD Lie 
SP oye 
oO 
OL ei 
sy Q LYp a 
cO—> 
\V/ 
Vceci = Pint 
Vcc2 = Pin 16 
Vee = Pin8 


APPLICATION INFORMATION 


The MC10H141 is a four-bit universal shift register 
which performs shift left, or shift right, serial/parallel in, 
and serial/parallel out operations with no external gat- 
ing. Inputs S1 and S2 control the four possible opera- 
tions of the register without external gating of the clock. 
The flip-flops shift information on the positive edge of 


the clock. The four operations are stop shift, shift left, 


_ shift right, and parallel entry of data. The other six inputs 


are all data type inputs; four for parallel entry data, and 
one for shifting in from the left (DL) and one for shifting 
in from the right (DR). 


(AA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


16 x 4 BIT REGISTER FILE (RAM) 


The MC10H145 is a 16 x 4 bit register file. The active-low chip 
select allows easy expansion. 

The operating mode of the register file is controlled by the WE 
input. When WE is “low” the device is in the write mode, the 
outputs are “low” and the data present at Dp, input is stored at 
the selected address, when WE is “high,” the device is in the read 
mode — the data state at the selected location is present at the 
Qn outputs. 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 ‘ 


FN SUFFIX 
PLCC 
; ; 20, CASE 775 
e@ Address Access Time, 4.5 ns Typical 


@ Power Dissipation, 700 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


TRUTH TABLE 


[| MODE | INPUT OUTPUT 


swe [en [on 
Write “O” L L 
Write “1” H L 














MAXIMUM RATINGS 
a 
@ = Don't Care 


Q-State of Addressed Cell 














Storage Temperature Range — Plastic -55 to +150 
— Ceramic -55 to +165 


DIP 
PIN ASSIGNMENT 















































Characteristic Symbol Min Max Mia Max Min Unit 
Power Supply Current IE — 160 — 163 _ mA 
Input Current High linH — 375 a 220 ~— uA 
Input Current Low link 0.5 — 0.5 a 0.3 LA 








VoH_ |-1.02 | -0.84 | -0.98 | -0.81 | -0.92 | -0.735] Vdc 
VoL |-1.95 | -1.63 | -1.95 | -1.63 | -1.95 Vde 
Vin |-1.17 } -0.84 | -1.13 | -0.81 | -1.07 Vde 
Vit |-1.95 | -1.48 | -1.95 | -1.48 | -1.95 | -1.45 | Vdc 


High Output Voltage 











Low Output Voltage 











High Input Voltage 











Low Input Voltage 











NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs Pin assignment is for Dual-in-line Package. 
are terminated through a 50-ohm resistor to — 2.0 volts. For PLCC pin assignment, see tables on page 1-35. 
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AC PARAMETERS 


MC10H145 
Ta = 0 to +75°C, 
Vee = -5.2 Vde +5% 
Characteristics Conditions 


Read Mode Measured from 50% of input to 50% of 
Chip Select Access Time 5 output. See Note 2. 
Chip Select Recovery Time 
Address Access Time 


Write Mode . tWSA = 3.5 ns 
Write Pulse Width ; . Measured at 50% of input to 50% of 
Data Setup Time Prior to Write output. ty = 6.0 ns. ; 
Data Hold Time After Write 
Address Setup Time Prior to Write 
Address Hold Time After Write 


Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 


Write Disable Time 
Write Recovery Time 


Chip Enable Strobe Mode — Guaranteed but not tested on 
Data Setup Prior to Chip Select standard product. See Figure 1. 
Write Enable Setup Prior to Chip Select 
Address Setup Prior to Chip Select 
Data Hold Time After Chip Select 
Write Enable Hold Time After Chip Select 
Address Hold Time After Chip Select 
Chip Select Minimum Pulse Width 


Rise and Fail Time Measured between 20% and 80% 
Address to Output ; : points. 
CS to Output 


Capacitance Measured with a pulse technique. 
Input Capacitance 
Output Capacitance 





NOTES: 1. Test circuit characteristics: RT = 500, MC10H145. Cy <5.0 pF (including jig and Stray Capacitance). Delay should 
be derated 30 ps/pF for capacitive loads up to 50 pF. 
2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
3. For proper use of MECL in a system environment, consult MECL System Design Handbook. 


FIGURE 1 — CHIP ENABLE STROBE MODE 
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MC10H145 


BLOCK DIAGRAM 






Chip 
Select 
Buffer 


Data 
Out 
Buffer 








16 x 4 Memory 
Cell Array 





35 
Lo 
Ss 90 
2 6 
Om o 
” O 
a © 
5 
oo 
a @ 










Write and 
Data In Buffer 





13 
0 
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(AA) MOTOROLA MC10H158 


L SUFFIX 
QUAD 2-INPUT MULTIPLEXER CERAMIC PACKAGE 
(NON-INVERTING) 
The MC10H158 is a quad two channel multiplexer with common 
input select. A “high” level select enables input DOO, D10, D20 P SUFFIX 
and D30 and a “low” level select enables input D01, D11, D21 and aa oe 


D31. This MECL 10H part is a functional/pinout duplication of the 


standard MECL 10K family part, with 100% improvement in prop- 
FN SUFFIX 
PLCC 
20; CASE 775 


agation delay and no increase in power-supply current. 
e@ Propagation Delay, 1.5 ns Typical 
@ Power Dissipation, 197 mW Typical 


® Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 





® Voltage Compensated TRUTH TABLE 


@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic | Rating | 


Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 0 to VEE 
50 


Output Current — Continuous 
— Surge 100 


Operating Temperature Range 


¢@ = Don't care 





DIP 
PIN ASSIGNMENT 
Storage Temperature Range — Plastic 
— Ceramic 


Power Supply Current IE 


Input Current High 
Pin 9 
Pins 3-6 and 10-13 


[High output otage | Von [=1.02 
[tow output votage | Vo._|- 
: 


AC PARAMETERS 


Propagation Delay 
Data 
Select 


D21 
D30 
D31 
: Select 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 





2-42 


MC10H158 


LOGIC DIAGRAM 
Select 9 


DO1 5 


DOO 6 


2 Qi 





15 Q2 
D20 13 


D31 10 
14 a3 


D30 11 


Pin 16 
Pins 


Vcc 
VEE 


iW 
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(A) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER 
(INVERTING) 


The MC10H159 is a quad 2-input multiplexer with enable. This 
MECL 10H part is a functional/pinout duplication of the standard 
MECL 10K family part, with 100% improvement in propagation 
delay and no increase in power-supply current. 


Propagation Delay, 1.5 ns Typical 
Power Dissipation, 218 mW Typical 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Ce ee ee 
Power Supply (Vcc = 0) | Vee | -80too | 
Input Voltage (Vcc = 0) | oy | 0 to VEE 


Output Current — Continuous oad 50 
100 


— Surge 


















Input Current High 
Pin 9 
Pins 3-7 and 10-13 


48 | ~1.95| =148 


Propagation Delay 
Data 
Select 
Enable 


Rise Time 


Fall Time 


NOTE: 

’ Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H159 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
CASE 775 


@ = Don't Care 


oe 
L 
ace 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





MC10H159 


APPLICATION INFORMATION 


The MC10H159 is a quadtwo channel multiplexer with DO O, D1 0, D2 0, and D3 O. A low (L) level enables data 
enable. It incorporates common enable and common data inputs DO 1,D171,D2 1,andD3 1. Any change on the data 
select inputs. The select input determines which data inputs will be reflected at the outputs while the enable is 
inputs are enabled. A high (H) level enables data inputs low. Input levels are inverted at the output. 


LOGIC DIAGRAM 


Select 





DO 1 


DOO 


D1 1 


D10 


Enable 


D3 1 





D3 0 


Vec Pin 16 
VEE Pin8 
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(A) MOTOROLA MC10H160 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


-12-BIT PARITY GENERATOR-CHECKER 


The MC10H160 is a 12-bit parity generator-checker. The output 
goes high when an odd number of inputs are high providing the 
odd parity function. Unconnected inputs are pulled to a logic low P SUFFIX 
allowing parity detection and generation for less than 12 bits. The PLASTIC PACKAGE 
MC10H160 is a functional pin duplication of the standard 10K Snes 
family part with 100% improvement in propagation delay and no 
increase in power-supply current. 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Propagation Delay, 2.5 ns Typical 
Power Dissipation, 320 mW Typical 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 





Voltage Compensated 
MECL 10K-Compatible 


Vcc1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 





MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range TRUTH TABLE 


INPUT 


Sum of 
High Level} Pin 2 
inputs 


Even 


Storage Temperature Range — Plastic -55 to +150 


— Ceramic ~55 to +165 
Characteristic 


Power Supply Current 


Input Current High 
Pins 3,5,7,10,12,14 
Pins 4,6,9,11,13,15 


High Output Voltage | Von | -1.02| 
Low Output Voltage 


AC PARAMETERS 


Propagation Delay 





PIN ASSIGNMENT 








Rise Time tr 
Fall Time tf 


NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 


are terminated through a 50-ohm resistor to — 2.0 volts. Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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Aw MOTOROLA 














L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


BINARY TO 1-8 DECODER (LOW) 


The MC10H161 provides parailel decoding of a three bit binary 
word to one of eight lines. The MC10H161 is useful in high-speed 
multiplexer/demultiplexer applications. 

The MC10H161 is designed to decode a three bit input word to 
one of eight output lines. The MC10H161 output will be low when 
selected while all other output are high. The enable inputs, when 
either or both are high, force all outputs high. 

The MC10H161 is a true parallel decoder. This eliminates un- 
equal parallel path delay times found in other decoder designs. 
These devices are ideally suited for multiplexer/demultiplexer 
applications. 









P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 





@ Propagation Delay, 1.0 ns Typical 
e Power Dissipation, 315 mW Typical (same as MECL 10K) 


e@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 

- Characteristic 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 





Storage Temperature Range — Plastic — 55 to 150 
— Ceramic —55 to 165 TRUTH TABLE 


| ENABLE 
| INPUTS] INPUTS OUTPUTS 





[Es [€0[c [a {| ao[a1[a2[a3]a4{as] a6] a7] 





eeIririririr 
IrIrIzrrzriidgieée 
IrIIrTiIirirTiride 
IIIIIII-FI. 
TITIITI-FIIT 
ZILEIP LIT IT 
LEE LET LEZ 
ITTrFirmrixgigT 
ea ae a ae Sk Cee Ge es Se 






@fererrrrrere 
rerrrrrrre 
SeeIIIGTIOrer 

QjyeeIIerer Tire 





Ch ) eerie sarees 


Vde PIN ReIaNMENT 
T=.85) — 145 [vee 








Vec1 (1 16) Veco 
: a EOC]2 15D £1 
ropagation Delay 
Data ‘ : F : Os 3 apie 
Enable ; Q2 (44 137) 04 
Rise Time | , Q1gj5 12-05 
Fall Time QOcié 1114 06 
NOTE: A 7 10 (7). Q7 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test VEE 8 9(4.B 


table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 


Outputs are terminated through a 50-ohm resistor to — 2.0 volts. Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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MC10H161 





TYPICAL APPLICATIONS 


FIGURE 1 — HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 


mae’ 
Py ke 





156 14131211109 8 7654321090 


9090 90090090 »g§Fy g<y¢gqe?ged?dg 










MC10H164 


MC10H136 


ita 1 > 3D, EN), - 


- MC10H161 
Start/Stop 


600€¢0 86 6 @ G 


156 141341211199 8 76843210 


FIGURE 2 — 1-OF-64 LINE MULTIPLEXER 


The Bit chosen is dependent on six-bit . 
code present on inputs 7, 9, 14 of the 
MC10H161 and the A, B, C inputs of 
the MC10H164. 
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MOTOROLA 





























BINARY TO 1-8 DECODER (HIGH) 


The MC10H162 provides parallel! decoding of a three bit binary 
word to one of eight lines. The MC10H162 is useful in high-speed 
multiplexer/demultiplexer applications. 

The MC10H162 is designed to decode a three bit input word to 
one of eight output lines. The MC10H162 output will be high when 
selected while all other output are low. The enable inputs, when 
either or both are high, force all outputs low. 

The MC10H162 is a true parallel decoder. This eliminates un- 
equal parallel path delay times found in other decoder designs. 
These devices are ideally suited for multiplexer/demultiplexer 
applications. 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 






P SUFFIX 
PLASTIC PACKAGE 
CASE 648 











16 
1 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 








@ Propagation Delay, 1.0 ns Typical 
@ Power Dissipation, 315 mW Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 






Eo2 
E115 













Vec1= Pin1 
® Voltage Compensated Veco = Pin 16 eis 
VEE = PINS 


MECL 10K-Compatible 










Characteristic Symbol 
Power Supply (Vcc = 0) 


VI 
Output Current — Continuous eae ee 
100 


— Surge 
Operating Temperature Range 


Storage Temperature Range — Plastic Tstg —55 to 150 
—- Ceramic —55 to 165 












MAXIMUM RATINGS 
50 


TRUTH TABLE 


















 Eo[ Es] cl 8] a | aojai] a2] a3] a4] as] as) a7) 
cfefeul elect ayed et eve} ecyede 
clei ct}] clo] eyHfet ete dyede fe 
cfetet ule} efedu}oetvoetetede 
cle} ec} HyH?tctletdetotetetede 
clefHo} ele} efetdet eta foetede 
cletH] clH} cetdedetetet|adede 
275 27 cletH} At oteulefe}eutetetr de 
cfletTH} aHfa]|edevet eyed eyeda 
fae | 0.3 a H/o@]/o]lo]lo@}etefefefetuetufe 
PHI OPO] Oo] Oo] ULILFLTLIL]TLILYTeL 
: @ = Don't Care 


er eer 


DIP 
PIN ASSIGNMENT 












Propagation Delay 
Pins 7, 9, 14 Only 
Pins 2, 15 Only 





NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal! equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fom is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


On OOF WNH 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


0S-2 


soo 


Sic 


Creo 


Start/Stop 





TYPICAL APPLICATIONS 


FIGURE 1 — HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 


Control Selection 








O~ 
On 
Ou 
O > 
OW 
ON 
OoO— 
exe) 


16 14131211109 8 


MC10H136 


MC10H164 






0 





MC10H162 






J e J J 


1514131211109 8 


~ 0 
oOo 
wd 
ao 
wed 
NO 
~O 
oo 


COLHOLOW 


(MA) MOTOROLA 


8-LINE MULTIPLEXER 


The MC10H164 is a MECL 10H part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power 
supply current. 

The MC10H164 is designed to be used in data multiplexing and 
parallel to serial conversion applications. Full parallel gating pro- 
vides equal delays through any data path. The MC10H164 incor- 
porates an output buffer, eight inputs and an enable. A high on 
the enable forces the output low. The open emitter output allows 
the MC10H164 to be connected directly to a data bus. The enable 
line allows an easy means of expanding to more than 8 lines 
using additional MC10H164’s. 

Propagation Delay, 1.0 ns Typical 

Power Dissipation, 310 mW Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


| Characteristic | Symbol_| Rating | Unit 
Input Voltage (Vcc = 0) 
Output Current — Continuous 
TA 

a & 
















0-75 


—55 to 150 
—55 to 165 


a pe | te 


Operating Temperature Range a ae 





— 1.02 


Input Current Low 
| High Output Vottage | VoH _ 


High Output Voltage Vo 


Low Output Voltage 


High Input Voltage —1.17 
Low Input Voltage =1. 


AC PARAMETERS 


Propagation Delay 
Enable 
Data 
Address 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H164 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


> 


LOGIC DIAGRAM 


FN SUFFIX 
PLCC 
CASE 775 


Veci = Pin 1 
Vcc2 = Pin 16 


% = Don’t Care 












PIN ASSIGNMENT 


_ 
o 





On OO RP WD => 






Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


TYPICAL APPLICATIONS 


FIGURE 1 — HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 


Control Selection 






16 14131291109 8 


000900000 


ON 
On 
Oo 
Oa 
OW 

nn 
O~ 
Oo 





MC10H136 





MC10H164 






[y 






ep = cap aa 





soo ; 
a | ncn 


MC10H136 







_ Sp mp cae au: 


Eo 
MC10H161 
MC10H162 















MC10H161 
MC10H162 


Start/Stop 





pen mi 


16 141312117109 8 


sO 
ao— 
no 
ao 
wd 
wo 
=0 
oo 


FIGURE 2 — 1-OF-64 LINE MULTIPLEXER 


ABC 






IMC 10H161 


The Bit chosen is dependent on six-bit 
code present on inputs 7, 9, 14 of the 
MC10H161 and the A, 8, C inputs of 
the MC10H164. 
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(A) MOTOROLA MC10H165 


L SUFFIX 
CERAMIC PACKAGE 


8-INPUT PRIORITY ENCODER CASE 620 


The MC10H165 is an 8-Input Priority Encoder. This 10H part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 


increases in power-supply current. P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


@ Propagation Delay, Data-to-Output, 2.2 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 









TRUTH TABLE 
MAXIMUM RATINGS 


g 
~ 


Characteristic | Symbol_| Rating | 
Power Supply (Vcc = 0) | Vee | -80t00 | vv 
Input Voltage (Vcc = 0) i Me 0 to VEE V 

m 


dc 
dc 
Output Current — Continuous A 
°C 
6: 


reereeer |g 
corereeze|® 


mrreeerr reds 
rrrerrr ree e 
reoerere$ese38 6 
ree rée 8 e886 
r~erzrest6e66 
-ree006 6 6 6 
leaker see Oe R= cape om 
Prrrrerrere 
rt err ne ee 
rtreitirrrir 


vie — 
vee 
= Sige im | 
= 


VEE 
Vi 
Operating Temperature Range 


Storage Temperature Range — Plastic Tstg -55 to + 150 ¢ = Don't Care 
— Ceramic -55 to + 165 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (See Note) DIP 


eS ers ~ 
[Power Supply Current! ie | — | 14a | — | 131 | 


input Current High linH uAdc 
510 320 320 
Data Inputs 600 370. 370 


Pin 4 
[input Current tow | fim | 08 | — | os | — | oa | — | mal 























[= 1.69] —1.96] 1.63] -1.95] ~160] vac 
[Low input Votage | vu | -1.95|-1.48| ~1.95| 1.48] ~1.95 | ~1.45 | vae_ 


AC PARAMETERS 


Propagation Delay 
Data Input — Output 
Clock Input —> Output 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





Hold Time 
Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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C10H165 


8-INPUT PRIORITY ENCODER 


The MC10H165 is a device designed to encode eight 
_ inputs to a binary coded output. The output code is 
. that of the highest order input. Any input of lower 
priority is ignored. Each output incorporates a latch 
allowing synchronous operation..When the clock is 
low the outputs follow the inputs and latch when the 
clock goes high. This device is very useful for a variety 
of. applications in checking system status in control 
processors, peripheral controllers, and testing systems. 


The input is active when high, (e.g., the three binary 
outputs are low when input DO is high). The Q3 output 
is high when any input is high. This allows direct ex- 
tension into another priority encoder when more than 
eight inputs are necessary. The MC10H165 can also 
be used to develop binary codes from random logic 
inputs, for addressing ROMs, RAMs, or for multiplex- 
ing data. | | te, 


LOGIC DIAGRAM : 


C4 


DO 5 
D17 
D2 13. 
D3 10 
D4 11 
D5 12 
D6 9 


D7 6 





Pin 1 
Pin 16 


Vcc1 
Vec2 


3 Q0 


2Q1 


15 Q2 


14 Q3 


Numbers at ends of terminals denote pin numbers for.L and P packages. 
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APPLICATION INFORMATION 


A typical application of the MC10H165 is the decod- 


ing of system status on a priority basis. A 64-line prior- 
ity encoder is shown in the figure below. System status 
lines are connected to this encoder such that, when 
a given condition exists, the respective input will be 
at a logic high level. This scheme will select the one 


of 64 different system conditions, as represented at 
the encoder inputs, which has priority in determining 
the next system operation to be performed. The binary 
code showing the address of the highest priority input 
present will appear at the encoder outputs to control 
other system logic functions. 





64-LINE PRIORITY ENCODER 













o LSB 
t 
Oo | 
e i] 
z Z 
MC10H164 MC10H164 MC10H164 
' Six bit output 
1/2 MC10H101 |xo...... X7ABC ||XO...... xXx7ABC||XO...... X7A BC H word noe 
' number o 
eee - ) > - annette HEEL LL ; highest priority 
| Pe | {channel present 
c i PTET TTT DTT TT at input 
. O f] 
comet SSH TI, | 
PD Ef +} Cc ‘ 
Input r[tT{Ti{[ JfTyJTJT— TTT IiTT TU po Qo Egil O : 
_— Q1 O 1 
| ~ a . 
PTT D7 
simi 
th li 
iri 
= a 
|i 
i | | 
IT : 
5 reer 
_— 
Lowest : | 
Priority | 
Input 
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(AA) MOTOROLA 


5-BIT MAGNITUDE COMPARATOR 
The MC10H166 is a 5-Bit Magnitude Comparator and is a func- 
tional/pinout duplication of the standard MECL 10K part with 100% 
improvement in propagation delay and no increase in power- 
supply current. 


The MC10H166 is a high-speed expandable 5-bit comparator 
for comparing the magnitude of two binary words. Two outputs 
are provided: A<B and A>B. The A=B function can be obtained 


by wire-ORing these outputs (a low level indicates A=B) or by 
wire-NORing the outputs (a high level indicates A=B). A high 
level on the enable function forces both outputs low. 


@ Propagation Delay, Data-to-Output, 2.0 ns Typical 
@ Power Dissipation 440 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage an 
Temperature Range) . , 


@ Voltage Compensated © 
@ MECL 10K-Compatible - 


MAXIMUM RATINGS 
Characteristic 


|__Rating | Unit _| 


Power Supply (Vcc = 0) 


0 to VEE 


50 mA 
100 | 


an 


-55 to + 150 °C 
~-55 to + 165 °C 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (See Note) 


Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 





Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


Low Output Voltage — 1.95 


High Input Voltage —0. 
Low Input Voltage VIL 


Propagation Delay 
Data-to-Output 
Enable-to-Output 


Rise Time 
Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H166 


~~ L SUFFIX: 
CERAMIC PACKAGE 
_ CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


S&S 


FN SUFFIX 










| WordA>WordB | ot | iH | 
| WordA<WordB | H | ot | 





_ DIP | 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


| NMIC10H166 


LOGIC DIAGRAM 





Ad 9 
aa Gp 


7 Fn == 


B3 11 | =} dm 2A>8 


- reall ia 
eeadiiiis Sista ef eaxs 
)D 





i 








Al 6 
B1 7 
AO 5 Vcc1 = Pin1 
Bo Vcc2 = Pin 16 
E 15 VEE = Pin8 
FIGURE 1 — 9-BIT MAGNITUDE COMPARATOR 
A0BOA1B81A2 B2A3B3A4B4 A5B5A6B6A7B7A8B8 
AQ Atl A2 AS A4 AQ Al A2 
BO Bi B2 B3 B4 BO B1 
MC10H166 MC10H166 
A>B A<B A>B A<B 
A>B A<B A=B 
For 9-Bit Word 
For longer word lengths, the MC10H166 can be se- respectively of the next device. The connection for an 
rially expanded or cascaded. Figure 1 shows two de- A = B output is also shown. The worst case delay time 
vices in a serial expansion for a 9-bit word length. The of serial expansion is equal to the number of compar- 
A >B and A <B outputs are fed to the AO and BO inputs ators times the data-to-output delay. 


2-57 





B24 
A24 
B23 
A23 
B22 
A22 
B21 
A21 
B20 
A20 


B19 
A119 
B18 


A18 
B17 


Al7 
B16 

A16 
B15 

A15 


B14 
Al14 
B13 
A113 
B12 
At2 
B11 


A10 








MC10H166 





FIGURE 2 — 25-BIT MAGNITUDE COMPARATOR 


B4 
A4 ) eo A=B 
al 

AZA<B A<B 
B2 

A2 

B1A>B A>B 


For shorter delay times than possible with serial ex- 
pansion, devices can be cascaded. Figure 2 shows a 
25-bit cascaded comparator whose worst case delay is 
two data-to-output delays. The cascaded scheme can 
be extended to longer word lengths. 
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(AA) MOTOROLA 


DUAL BINARY TO 1-—4-DECODER (LOW) ss ia oot ace 


CASE 620 


The MC10H171 is a binary coded 2 line to dual 4 line decoder 
with selected outputs low. With either EQ or E1 high, the corre- 


sponding selected 4 outputs are high. The common enable E 
when high, forces all outputs high. 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 18 


Propagation Delay, 2 ns Typical 
Power Dissipation 325 mW Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (over operating voltage and FN SUFFIX 
temperature range) 204 | A aee ve 


Voltage Compensated 
MECL 10K-Compatible 





LOGIC DIAGRAM 
MAXIMUM RATINGS 


Characteristic 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Storage Temperature Range — Plastic 
— Ceramic 


= Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


le 
High Output Voltage — 0.84 
a 


AC PARAMETERS 


ey ee | Min | 
Propagation Delay tod 
Data 
Select 
tr | 05 | 
| 05 | 





DIP 
PIN ASSIGNMENT 



















Rise Time 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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| | MC10H171 | | 


TRUTH TABLE 


| Eo | E1 | aA | B | Q10 a12 | 013 ao01 | a02 








a eee Eines Eee Se es Se 5 


rrzzzrs|% 


raf oie ls Oe a a 


zzczrze|2 





ioreitTtitiinr 





@ = Don't Care 
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(A) MOTOROLA 


DUAL BINARY TO 1-—4-DECODER (HIGH) 


The MC10H172 is a binary coded 2 line to dual 4 line decoder 
with selected outputs high. With either EO or E1 low, the corre- 
sponding selected 4 outputs are low. The common enable E, when 
high, forces all outputs low. 


@ Propagation Delay, 2 ns Typical 
e Power Dissipation 325 mW Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Power Supply (Vcc = 0) VEE 
Input Voltage (Vcc = 0) Vi 
TA 






Qutput Current — Continuous lout 
— Surge 


Operating Temperature Range | TA | 


Storage Temperature Range — Plastic Tstg 
— Ceramic 
a ae ee ee 
Characteristic 







—55 to + 150 
~55 to + 165 









Cin | Max [in | Max | Min 
ae eae pee 
Finput Curran High [tn | — | 25 | — | 205 | — | 
Finput Current ow | tin, | 08 | — | 05 | — | oa 
[High Output Votige | Von |-102] -084|-098] oat | -0.92| 


AC PARAMETERS 


77 





Propagation Delay 


Data 


Select 


Fall Time tf 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H172 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 5 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





A 


” 
~ 
3 
a 
£ 
‘2 
Q 
5°} 
Cc 
Lu 


Lu 
ad 
a 
- 
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= 
_ 
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Don’t Care 


go = 
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(MA) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER/LATCH — L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


The MC10H173 is a quad 2-input multiplexer with latch. This 
device is a functional/pinout duplication of the standard MECL 
10K part, with 100% improvement in propagation delay and no 


increase in power supply current. aries 


e Data Propagation Delay, 1.5 ns Typical @ Voltage Compensated CASE 648 ‘ 
@ Power Dissipation, 275 mW Typical © MECL 10K-Compatible 


@ improved Noise Margin 150 mV (over i FN Ral 
operating voltage and temperature range) 20, CASE 775 


MAXIMUM RATINGS 


VEE dc 
A 
TA C 









TRUTH TABLE 










Output Current — Continuous m 
— Surge 


Storage Temperature Range — Plastic Tstg -55 to 150 °C 
— Ceramic -55 to 165 °C 
Characteristic Symbo! 


Power Supply Current | te | — | 
Input Current High linH 

Pins 3-7 & 10-13 

Pin 9 


High Output Voltage =i: 
Low Output Voltage 
V| —1. 





® = Don't Care 






















DIP 
PIN ASSIGNMENT 


Q2 
Q3 
D20 


D21 


High Input Voltage — 
Low Input Voltage 


AC PARAMETERS 





D30 


D31 
Propagation Delay 
Data 
Clock 
Select 


Select 





Pin assignment is for Dual-in-line Package. 
Set-up Time For PLCC pin assignment, see tables on page 1-35. 
Data 


Select 


Hold Time thold 
Data 
Select | 

Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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7 MC10H173 | 


APPLICATION INFORMATION 


The MC10173 is a quad two-channel multiplexer with 
latch. It incorporates common clock and common data 
select inputs. The select input determines which data 
input is enabled. A high (H) level enables data inputs 


will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the 
clock. While the clock is in the high state, a change in 
the information present at the data inputs will not affect 





D00, D10, D20, and D30 and a low (L) level enables data 
inputs D01, D11,D21, D31. Any change on the data input 


the output information. 


4 


LOGIC DIAGRAM 


) 
Select 9 + 
1 QO 
oe 4) > 
Hh 
Dpo1 5 
ih ae 
2 Ql 
hy 
D111 3 
eR 
15 Q2 
ied His | > 
— a 
= 14 Q3 
D30 11 a < 
Clock 7 
Vcc = Pin 16 
Vege = Pin8 
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(MA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


DUAL 4 TO 1 MULTIPLEXER 


The MC10H174 is a Dual 4-to-1 Multiplexer. This device is a func- P SUFFIX 
tional/pinout duplication of the standard MECL 10K part, with 100% Pore eee en 16 
improvement in propagation delay and no increase in power supply 
current. 


1 


FN SUFFIX 
PLCC 
20; CASE 775 


TRUTH TABLE 


ENABLE ADDRESS INPUTS | OUTPUTS 


@ Propagation Delay, 1.5 ns Typical 
@ Power Dissipation, 305 mW Typical 


@ Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 








Characteristic 





_Syatel_{_ Raton —_ 
Input Voltage (Vcc = 0) ag 0 to VEE Vdc = Don't Care 








Output Current — Continuous L ee | 


— Surge 
Operating Temperature Range 


Storage Temperature Range — Plastic = — 55 to 150 
—~ Ceramic — 55 to 165 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) ie Note) 


ER 
Power Supply Current oa 





DIP 
PIN ASSIGNMENT 





Input Current High 
Pins 3-7 & 9-13 
Pin 14 


AC PARAMETERS 


z 

| -0.811 

| = 1.63) 

| -0.81 | - 

48] 1.95) 1.48 

Propagation Delay Pare! 
Data 0.8 
Select (A, B) 1.1 
Enable 0.4 

| 16 

ae 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H174 


LOGIC DIAGRAM 


XO 30 





X1 50 
X2 40- 
X3 60 
A 70 
B 90 
Enable 140 
YO 130 
Y3 100 ». 3 
Vceci = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 
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(MA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUINT LATCH 


The MC10H175 is a quint D type latch with common reset and 
clock lines. This MECL 10H part is a functional/pinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in propagation delay and no increase in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


16 
1 


FN SUFFIX 
PLCC 
20, CASE 775 


@ Propagation Delay, 1.2 ns Typical 

@ Power Dissipation, 400 mW Typical 

@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 
Voltage Compensated 


MECL 10K-Compatible 
TRUTH TABLE 





- MAXIMUM RATINGS 


[Characteristic ——*«’ “Symbol |Rating [Unit 


Output Current — Continuous 50 mA 
— Surge 100 


Operating Temperature Range 


A C 
Storage Temperature Range — Plastic Tstg —55 to 150 °C 
— Ceramic —55 to 165 °C 


Power Supply Current 


Input Current High 
Pins 5,6,7,9,10,12,13 
Pin 11 

















@ = don't care 












DIP 
PIN ASSIGNMENT 





Low Output Voltage 
High Input Voltage 
Clock 


0.6 1.6 0.6 1.6 0.6 1.7 
0.7 1.9 0.7 2.0 0.8 2.1 
Reset 1.0 2.2 1.0 2.3 1.0 2.4 


Hold Time thold | 08 | — | 08 | 
PRiseTime | | os | 18 | 05 | 
NOTE: 

Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 

table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 


on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 





AC PARAMETERS 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 










Propagation Delay 
Data 
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MC10H175 


APPLICATION INFORMATION 


The MC10H175 is a high speed, low power quint latch. | outputs while the clock is low. The outputs are latched 
It features five D type latches with common reset and a on the positive transition of the clock. While the clock is 


common two-input clock. Data is transferred onthe neg- __in the high state, a change in the information present at 
ative edge of the clock and latched on the positive edge. _ the data inputs will not affect the output information. THE 
The two clock inputs are ‘“OR’’ed together. RESET INPUT IS ENABLED ONLY WHEN THE CLOCK IS 


Any change on the data input will be reflected at the IN THE HIGH STATE. 


LOGIC DIAGRAM. 











DO10 1400 
Cc 

D112 fl 15Q1 

D213 2Q2 

D3 9 303 

D4 5 f D 404 

Co 6 > ES: 

C17 a 

Reset 11 


Vcci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 
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(MA) MOTOROLA 


HEX “’D’”’ MASTER-SLAVE FLIP-FLOP 


The MC10H176 contains six master slave type ‘D’’ flip-flops 
with a common clock. This MECL 10H part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock frequency and propagation delay and no 
increase in power-supply current. 


Propagation Delay, 1.7 ns Typical 


Power Dissipation, 460 mW Typical 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 

Characteristic | Symbol | Rating | 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic —55 to 150 
— Ceramic ~55 to 165 


Input Current High 
Pins 5,6,7,10,11,12 
Pin 9 


on Sa vs | Yo, 


Ce 
pratt yf 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. _ 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
CASE 775 


CLOCKED TRUTH TABLE 


7 


@ = Don’t Care 


*A clock H is a clock transition 
from a low to a high state. 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 





| MC10H176 | 


APPLICATION INFORMATION 


The MC10H176 contains six high-speed, master slave change only on a positive-going Clock transition. Achange 
type ‘'D”’ flip-flops. Data is entered into the master when in the information present at the data (D) input will not 
the clock is low. Master-to-slave data transfer takes place affect the output information any other time due to the 
on the positive-going Clock transition. Thus, outputs may master-slave construction of this device. 


LOGIC DIAGRAM 





Q0 


Q1 


Q2 


Q3 


Q4 


Q5 





Clock 


Vec1 = Pin 
Vcc2 = Pin 16 
VEE = Pin 8 
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(A) MOTOROLA MC10H179 











L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOOK-AHEAD CARRY BLOCK 


The MC10H179 is a functional/pinout duplication of the standard 
MECL 10K part, with 100% improvement in propagation deiay 
and no increase in power supply current. 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


@ Power Dissipation, 300 mW Typical 


® Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) 

Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


Input Current High 
Pins 5 and 9 © 
Pins 4, 7 and 11 
Pin 14 
Pin 1Z 
Pins 10 and 13 





Input Current Low 


High Output Voltage 
—1.95 


Low Output Voltage 
High Input Voltage 
Low Input Voltage 


AC PARAMETERS 


Propagation Delay 
P ta Pg . 
G, P, Cry to 
Cy or GG 











‘Rise Time 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
_ on a printed circuit board and transverse air flow greater than 500 ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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| MC10H179 | 





LOGIC DIAGRAM 
G3 5 
P3 13 
G2 9 3 Cn.4 
P2 12 
2 GG 
Cy 11 
15 Pg 
G1 7 
P1 10 
6 C 
GO 4 n+2 
= Vcc1 = Pin1 
PO 14 Vcc2 = Pin 16 
Vee = Pins 
Pg = Pd + P1 + P2 + P3 
Gq = (GO + P1 + P2 + P3) (G1 + P2 + P3) (G2 + P3) G3 
Cni2 = (Cy + PO + P1) (GO + P1) G1 
Cni4 = (Cy + PO + P1 + P2 + P3) (GO + P1 + P2 + P3) (G1 + P2 + P3) 
(G2 + P3) G3 
TYPICAL APPLICATIONS 


The MC10H179 is a high-speed, low-power, standard 
MECL complex function that is designed to perform the 
look-ahead carry function. This device can be used with 
the MC10H181 4-bit ALU directly, or with the MC10H180 
dual arithmetic unit in any computer, instrumentation or 
digital communication application requiring high speed 
arithmetic operation on long words. 

When used with the MC10H181, the MC10H179 per- 
forms a second order or higher look-ahead. Figure 2 shows 


a 16-bit look-ahead carry arithmetic unit. Second order 
carry is valuable for longer binary words. As an example, 
addition of two 32-bit words is improved from 30 nano- 
seconds with ripple-carry techniques. A block diagram 
of a 32-bit ALU is shown in Figure 1. The MC10H179 
may also be used in many other applications. It can, for 
example, reduce system package count when used to 
generate functions of several variables. 


FIGURE 1 — 32-BIT ALU WITH CARRY LOOK-AHEAD 





Cin ALU ALU 
Cn Cy+at4on 

Ch+2 Cc 

MC10H179 ne 





Add Time = 
18 ns typ 





ALU ALU 
Ch Cy+4 Ch 
p Lest Les 


Ch+2 


Cc 
MC10H179 gat ds 


Cn+a 
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€L-é 


FIGURE 2 — 16-BIT FULL LOOK-AHEAD CARRY ARITHMETIC LOGIC UNIT 


. O 
O BS 0 en Al2 


es B0 Al B81 A2 B2 AZ B3 os BO Al B1A2 B2 A3 B3 
O Ch+4 Cnh+a 





AO BO Al B1A2 B2 A3 B3 
Cr Ch+4 












AO BO Al B1A2 B2 AZ B3 
Ch Cnh+a 











Cin O 















MC10H181 
4-BIT ARITHMETIC 
LOGIC UNIT 


MC10H181 
4-BiT ARITHMETIC 
LOGIC UNIT 


MC10H181 
4-BIT ARITHMETIC 
LOGIC UNIT 


MC10H181 
4-BIT ARITHMETIC 


7) 
° 
© 


LOGIC UNIT 
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feseieeetice a 
OO 
ee 0 a me Es lt fa 
ed ES 2 4+} + +—$ tpt p+ 
aa © [ea ne as 


re eee ie 
$20 
ee 
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P1 GI P2 





G2 





MC10H179 
CARRY LOOK-AHEAD 


Cnh+2 Cn+a 


Y C1§ 





6ZLHOLOW 





(MA) MOTOROLA | MIC1OH180 



















L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


DUAL 2-BIT ADDER/SUBTRACTOR 


The MC10H180 is a high-speed, low-power, general-purpose 
adder/subtractor. It is designed to be used in special purpose 
adders/subtractors or in high-speed multiplier arrays. 

Inputs for each adder are Carry-in, Operand A, and Operand B; 
outputs are Sum, Sum and Carry-out. The common select inputs 
serve as a control line to Invert A for subtract, and a control line 
to Invert B. 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 





e@ Propagation Delay, 1.8 ns Typical, Operand and Select to Output 
@ Power Dissipation, 360 mW Typical 





@ Improved Noise Margin 150 mV (Over Operating voltage and 
Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 
















MAXIMUM RATINGS 


Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 
i Osersiag Temperature Range a aa 
















Storage Temperature Range — Plastic 
— Ceramic 


Vcc = Pin 16 
Veg = Pin 8 

Positive Logic Only 

A © Sela = A@Sela 

B @ Selg = BOSelg 
Cin (A’ B’ + A’ B’) + 
Cin(A’ B’ + A’ B’) 

= CinA’ + Cin B’ + A’ B’ 










nm > 
tow 


Input Current High 
Pins 4, 12 
Pins 7,9 
Pins 5, 6, 10, 11 


linH 

eou curentow [ins [os | — [os [= [as [ 
08 

Vil =0.84 Tara] soa | tan 
Ftaw iu Vooge [vie | -195] 140] —1a5] 148 











DIP 
PIN ASSIGNMENT 


AC PARAMETERS 













Propagation Delay 
Operand to Output 
Select to Output 

rach il to Output 









Chae SRR 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc speuincstions shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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MC10H180 


TRUTH TABLE 


|| 5 ean [NTO a 
Lt | H 


FUNCTION SELECT TABLE 





BE ATFs FrrTssrFrT4asi TT 


pzzrrrzz|ss4s4+44 
ee eee ee ee ee ee ee ee ee ee ee ee ee ee | 


INPUTS 





REVERSE 
SUBTRACT 


ee ee ee ee ee od ie a De Oe Ee Pe De 
YMHtDatTr[s~y~IITH4 ITT 
acd tes TIT aH2H14IrIrITT 


aot od os od od I 


INPUTS 


Foner Sof os [0 [ [6 


xrrrrrrirTet 


- 
(S) 
< 
ec 
= 
a 
2 
” 


inus A minus B 


Function 


E 
°o 


Sele | 
| H Is 
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(AA) MOTOROLA 


FUNCTION GENERATOR 


The MC10H181 is a high-speed arithmetic logic unit capable of 
performing 16 logic operations and 16 arithmetic operations on 
two four-bit words. Full internal carry is incorporated for ripple 
through operation. 

Arithmetic logic operations are selected by applying the appro- 
priate binary word to the select inputs (SO through S3) as indicated 
in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (GG) are provided to allow fast operations 
on very long words using a second order look-ahead. The internal 
carry is enabled by applying a low level voltage to the mode 
control input (M). 

When used with the MC10H179, full-carry look-ahead, as a sec- 
ond order look-ahead block, the MC10H181 provides high-speed 
arithmetic operations on very long words. 

This 10H part is a functional/pinout duplication of the standard 
MECL 10K family part with 100% improvement in propagation 
delay and no increase in power supply current. 


® Improved Noise Margin, 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated @ MECL 10K -Compatible 





MAXIMUM RATINGS 









Characteristic Symbol 
Power Supply (Vcc = 0) | Vee | -80t00 | 
Input Voltage (Vcc = 0) foo 0 to VEE 














Operating Temperature Range 0 to +75 
Storage Temperature Range — Plastic Tstg -55 to +150 
— Ceramic -55 to +165 


LOGIC DIAGRAM 


13 — 
15 
17 
14 


FUNCTION SELECT TABLE 


' Logic Functions Arithmetic Operation 
Function Select | M is High C = DC. Mis Low Cp is low 
SO S1 S2 S3 S3 $2 $1 SO F F 
FO 
F4 


++ di 


im" 


plus (A» B) 

times 2 
(A + B) plus 0 
(A + B) plus (A+B) 
A plus B 
A plus (A + B) 
(A + B) plus 0 
A minus B minus 1 
(A + B) plus (AeB) 
A plus (A + B) 
‘minus 1 (two's complement) 
(Ae B) minus 1 
(Ae¢B) minus 1 
A minus 1 


A 
A plus (Ae B) 
A 
A 


2 pi dpi 


rs) 
o 
OI. ww 


mn 
_y 


F2 


nn 


F3 
GG 
PG 


tow n> 717 
nn Noa 5 Vomit tl oton tt 5 ft own 
OPI dy Pyd I yy 
Pee GBntrtmGe+ Ome 
a? qo 


sod 





hob wt Ww ou dt ot t ued uw # th uo ot 


nn 
eo) 


i 
>> 
TrTTUNMUMHwNUNnHABAAMAA NANT 


TErITTBTET ITT eee ce eK Ee 
ErrrTeererer rrrirIeT rere 
ZErerrirerrre er rire 
Eerwretere re itiriririer 
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Vee 
vi 
Output Current — Continuous lout 50 mA 
— Surge 100 
Ta 
°C 
°C 


MC10H181 


LW SUFFIX PW SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 623 CASE 649 


P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 724 CASE 758 


FN SUFFIX 
PLCC 
CASE 776 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 











$3 13.0 LOGIC DIAGRAM 
$2 15a 
$1170 
S0 14.0 
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MC10H181 











Characteristic 


Power Supply Current 


Input Current High 
Pin 22 
Pins 14,23 
Pins 13,15,17 
Pins 10,16,18,21 
Pins 9,11,19,20 


Pins 9-11, 13-22 
[High Output Voltage | VO 
Low Output vortage——SSSSC*dYC 
[High Input Voltage | 


T1638 | 196 | 

T7 | 084 | 1.13 | 081 | 
aw input Votege Sd 808 | 140 | 1.96 | 1.08 
NOTE: 


Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been 
established. The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 



















ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5.0%) (See Note) 


| -1.02 | -0.84 | -0.98 | -0.81 
[= 1.95 =1.63 








AC PARAMETERS 













ey 
= 
“ 
© 






AC ea Characteristics 
Characteristic Conditionst 
Propagation Delay eh hte = Ch Ch+4 A0,A1,A2,A3 
Rise Time, Fall Time t+,t- Ch Cnh+4 A0,A1,A2,A3 
Propagation Delay t++,t+-, Ch # 
t-+,t-- Ch 3.0 | 1.0 
Rise Time, Fall Time j Ch 2.2 | 0.7 
Propagation Delay 


Propagation Delay 
Al = $0,S3 
Rise Time, Fall Time t+,t- Al = $0,S3 
Propagation Delay tt+,t-—- Al A0,A2,A3,Cy 
Rise us Fall Time t+,t- Al A0,A2,A3,Ch 
ts +4 AO, A2, A3, Ln 
$3,Cy 
B1 $3,Cy 
Sepagadan Delay tt++,t--—- B1 S0,A1 
Rise Time, Fall Time t+,t- B1 S0,A1 
Propagation Delay t++,t-—- B1 $3,Ch 
Rise Time, Fall Time Crete B1 $3,Cy 
Propagation Delay te === B1 Chi4 $3,Cy 
Rise Time, Fall Time t+,1t- — = +4 $3,Cy 


oo 
On 


22 

oN HP 
ND 
i 

NN 7) 


orl or | oN o> o> o> o° 
NO]NO@IN = NO NO Ni SON 













ow 
N 


N 
° 
o=- 
“Oo! 


Rise Time, Fall Time 





o> 

No 
ce 
ano 


eae Fata eA nle (haere Ue sacl bell Ease Ul“ 
Nolo NolNalnolaalNa 
Nw lea NWN WN & 
NN wo NMNJANITON 


OoOrP|op> Orso rtlonN o> 

No} Noaluoal/no No 
Nw NWN & 
NN NN/AN 


Propagation Delay t++,t+- 
Rise Time, Fall Time t+,t— 

Propagation Delay t+—-—,t-+ Ee A1,B1 
Rise Time, Fall Time t+,t- $1 A1,B1 

Propagation Delay +,t+—- $1 A3,B3 
Rise Time, Fall Time ee t- $1 A3,B3 


bab 
—_ 


Propagation Delay t+ —/t=+ ae A3,B3 
Rise Time, Fall Time tr, t= Si Cnh+i4 A3,B3 
Propagation Delay t+—-,t-—+ $1 ae A3,B3 
Rise Time, Fall Time tet Si A3,B3 


tLogic high level (+1.11 Vdc) applied to pins listed. All other 
input pins are left floating or tied to + 0.31 Vdc. 
Vcec1 = Vcc2 = +2.0 Vde, Veg = —3.2 Vde 


o> 
No 


Oo-lo- 
owl om 
WAINS 
Noi = 


omlo-!|!0o—-|0-— 
NOIN DIN @D/1OD 
WAIN S 
BRO/IAS 
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(AA) MOTOROLA 















HEX “D” MASTER-SLAVE FLIP-FLOP WITH RESET 


The MC10H186 is a hex D type flip-flop with common reset and 

clock linés. This MECL 10H part is a functional/pinout duplication 

of the standard MECL 10K family part, with 100% improvement 

in clock toggle frequency and propagation delay and no increase 

in power-supply current. 

@ Propagation Delay, 1.7 ns Typical 

e Power Dissipation, 460 mW Typical 

@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

@ Voltage Compensated 


@ MECL 10K-Compatible 






MAXIMUM RATINGS 


Characteristic 
















Power Supply (Vcc = 0) 


VEE 


0 to 





Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Tstg -55 to 150 
-55 to 165 





Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


Input Current High 
; Pins 5,6,7,10,11,12 
Pin 9 
Pin 1 


265 
420 
765 


sol 
0.81 -0.73 
1.60 | Vdc 


[Propeuetion Delay | pa | 67 | 
| 


Reset Recovery Time trr 


(ti 9+) 
NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H186 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


a 


CLOCKED TRUTH TABLE 


16 
1 


FN SUFFIX 
PLCC 
CASE 775 



















@ = Don’t Care 
* A clock H is a clock transition 
from a low to a high state. 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





MC10H186 


APPLICATION INFORMATION 


The MC10H186 contains six high-speed, master slave change in the information present at the data (D) input 
type “D” flip-flops. Data is entered into the master when __ will not affect the output information any other time due 
the clock is low. Master-to-slave data transfer takes place to the master-slave construction of this device. A com- 
on the positive-going Clock transition. Thus outputs may mon Reset is included in this circuit. THE RESET ONLY 
change only on a positive-going Clock transition. A © FUNCTIONS WHEN THE CLOCK IS LOW. 


LOGIC DIAGRAM 





2 ao 

3 Qi 

4 Q2 
D3 13. Q3 
D4 | 14 Q4 
O05 15 Q5 


Clock 9 





Reset 1 


Vcc = Pin 16 
VEE = Pin8 
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(AA) MOTOROLA MC10H188 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


HEX BUFFER WITH ENABLE 


The MC10H188 is a high-speed Hex Buffer with a common Ena- 
ble input. When Enable is in the high-state, all outputs are in the P SUFFIX 
low-state. When Enable is in the low-state, the outputs take the PLASTIC PACKAGE 
same state as the inputs. CASE 648 
This MECL 10H part is a functional/pinout duplication of the 


standard MECL 10K family part, with 100% improvement in prop- EN SUFFIX 
agation delay and no increase in power-supply current. PLCC 


; : CASE 
@ Propagation Delay, 1.3 ns Typical Data-to-Output ay 
@ Power Dissipation 180 mW Typ/Pkg (No Load) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 


Temperature Range) LOGIC DIAGRAM 


e@ Voltage Compensated 


@ MECL 10K-Compatible Out 


2 





MAXIMUM RATINGS 















Characteristic 


Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 50 
— Surge 100 


Operating Temperature Range 


Storage Temperature Range — Plastic = -55 to +150 
— Ceramic -55 to +165 


ELECTRICAL CHARACTERISTICS acer es -5.2 V +5%) (See Note) 










Vcci = Pin 
Vcc2 = Pin 16 
VEES= 





vot 


High Input Voltage aH ‘ —0.81 0} re ve 


Propagation Delay 
Enable 
Data 


Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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(MA) MOTOROLA 


HEX INVERTER WITH ENABLE 


~ The MC10H189 is a Hex Inverter with a common Enable input. 
- The hex inverting function is provided when Enable is in the low- 
state. When Enable is in the high-state, al! outputs are low. 
This MECL 10H part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in prop- 
agation delay and no increase in power-supply current. 


@ Propagation Delay, 1.3 ns Typical Data-to-Output 
@ Power Dissipation 180 mW Typ/Pkg (No Load) 


e@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
MECL 10K-Compatibie 





MAXIMUM RATINGS 


Characteristic 








Power Supply (Vcc = 0) 
Input Voltage (Vcc = O) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


| 
VOH ; 


High Output Voltage 
Low Output Voltage VOL 





Propagation Delay 
Enable . 
Data 


07 7 | 2a 
fFatime | | o7 | 24 | o7 | 2a | o7 | 24 | 


NOTE: ; 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted — 
-0n a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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-MC10H189 


L SUFFIX 
CERAMIC PACKAGe 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


@ 


FN SUFFIX 
PLCC 
CASE 775 





LOGIC DIAGRAM 





Vcci1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 








(MA) MOTOROLA MC10H209 


es L SUFFIX 
Na — MN CERAMIC PACKAGE 
CASE 620 
DUAL 4-5-INPUT OR/NOR GATE | WN) ! 
1 
The MC10H209 is a Dual 4-5-input OR/NOR gate. This MECL 
part is a functional/pinout duplication of the MECL II! part MC1688. SR RRE 


CASE 648 16 


e@ Propagation Delay Average, 0.75 ns Typical 


@ Power Dissipation 125 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and | (a FN SUFFIX 
Temperature Range) 20; CASE 775 


Voltage Compensated 
MECL 10K-Compatible 


LOGIC DIAGRAM 





MAXIMUM RATINGS 


Power Supply (Vcc = 0) -8.0 toO 














Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg ~55 to +150 
— Ceramic -55 to +165 








Vcci = Pin 
Vcc2 = Pin 16 
Vege = Pin8 









DIP 
_ PIN ASSIGNMENT 


Low Output Voltage VOL | — 1,95 | 1.63 
High Input Voltage | Vin | —1.17| -0.84 





Fall Time 





NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow grecter than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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(MA) MOTOROLA 


DUAL 3-INPUT 3-OUTPUT “OR” GATE 


. The MC10H210 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “OR”-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10H210 particu- 


larly useful in clock distribution applications where minimum 
clock skew is desired. 
@ Propagation Delay, 1.0 ns Typical 

@ Power Dissipation, 160 mW Typical 

@ Improved Noise Margin 150 mV (Over Operating Voltage and 

Temperature Range) 

e Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) 

Input Voltage (Vcc = 0) 


‘ Output Current — Continuous 
— Surge 


Operating Temperature Range 
Storage Temperature Range — Plastic 


— Ceramic 
Characteristic 


Power Supply Current 


Input Current Low i 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


Note: If crosstalk is present, double bypass capacitor to 0.2 uF. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


1 
FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





(MA) MOTOROLA 


DUAL 3-INPUT 3-OUTPUT 
“NOR” GATE 


The MC10H211 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire ‘‘OR’’-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10H211 particu- 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


larly useful in clock distribution applications where minimum 
clock skew is desired. 
@ Propagation Delay, 1.0 ns Typical 
e@ Power Dissipation, 160 mW Typical LOGIC DIAGRAM 
@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 
Voltage Compensated 


MECL 10K-Compatible 





MAXIMUM RATINGS 
Characteristic 


Input Voltage (Vcc = 0) 0 to ae 


Output Current — Continuous 
— Surge 


Operating Temperature Range 0-75 


Storage Temperature Range — Plastic = -55 to 150 DIP 
— Ceramic -55 to 165 PIN ASSIGNMENT 


Vceci = Pins 1, 15 
Vcc2 = Pin 16 
VEE = Pin 8 


Power Supply (Vcc = 0) 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


Fall Time 





NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


Note: If crosstalk is present, double bypass capacitor to 0.2 pF. 
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(MA) MOTOROLA  MCLONS30 


QUAD BUS DRIVER/RECEIVER WITH 2-TO-1 
OUTPUT MULTIPLEXERS 


The MC10H330 is a Quad Bus Driver/Receiver with two-to-one 
output multiplexers. These multiplexers have a common select 
and output enable. When disabled, (OE = high) the bus outputs 
go to —2.0 V. Their output can be brought to a low state (Vo_) 
by applying a high level to the receiver enable (RE = High). The 
parameters specified are with 25 2 loading on the bus drivers 
and 50 © loads on the receivers. 


L SUFFIX- 
CERAMIC PACKAGE 
CASE 758 


FN SUFFIX 
PLCC 
CASE 776 


@ Propagation Delay, 1.5 ns Typical Data-to-Output 
@ Improved Noise Margin 150 mV (Over Operating Voltage and P SUFFIX 
PLASTIC PACKAGE 
Temperature Range) CASE 724 24 
@ Voltage Compensated 1 | 
@ MECL 10K-Compatible 


DIP 
PIN ASSIGNMENT 





MAXIMUM RATINGS 


Power Supply (Vcc = 0) eae rw 
Input Voltage (Vcc = 0) foo | 0 to Veg 


Output Current — Continuous lout 
— Surge 


Operating Temperature Range | oT; Oto +75 


Storage Temperature Range — Plastic Tstg —55 to +150 
— Ceramic -55 to +165 


ELECTRICAL CHARACTERISTICS ed —5.2 V +5%) (See Note) 





Characteristic 


Power Supply Current | te | 


Input Current High 
Pins 5-8, 17-20 
Pins 16, 21 
Pin 9 


Input Current Low : 

High Output Voltage ; A : . : 

Low Output Voltage —1.63| —1.95 Pin assignment is for Dual-in-line Package. 
[tow pet vows | Vou | 195] —199] 185 |= 1.95 | = 1.60 | EE ae as 

High Input Voltage 7 V7 , : ‘ 


Each MECL 10H series circuit has been designed to 
AC PARAMETERS meet the dc specifications shown in the test table, 
after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed 





| Propagation Delay 


Select-to-Input : ‘ : p 5 ; circuit board and transverse air flow greater than 500 
Data-to-Bus Output : : : ; : ; Ifpm is maintained. Receiver outputs are terminated 
through a 50-ohm resistor to — 2.0 volts dc. Bus out- 
Select-to-Bus 
puts are terminated through a 25-ohm resistor to 
Output — 2.0 volts de. 


OE-to-Bus Output 

Bus-to-Input 

RE-to-Input 

Data-to-Receiver — 
Input 


Fall Time 
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LOGIC DIAGRAM 


OE @)) Veco = Pin 24 
; Vcc = Pin1 
s @ ) 2 Veco = Pin 13 
Vcco = Pin 4 
VEE = Pin 12 
wo (4) ales , 


Lei. (3) WBus 
wi g 122 asl 
ce 
Win © el a 


& 
“* [- © Xu 
= cn | owe a 
°@ a aoe 





23) YBus 
1b  aeearaa 
Yin (14) a 
Zo (38) 
(22) ZBus 
z1 (7) 
Zin (15) 
RE @ 
MULTIPLEXER TRUTH TABLE RECEIVER TRUTH TABLE 





H |X{]| -2.0V | -2.0V | -2.0V | -2.0V 
Lic Ww X' 
call wi | ox |v } 2 poe opal ie eae 


X — Don’t care 
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(MA) MOTOROLA 


DUAL BUS DRIVER/RECEIVER WITH 4-TO-1 


OUTPUT MULTIPLEXERS L SUFFIX 


CERAMIC CASE 
CASE 732 


FN SUFFIX 
> PLCC 
204 CASE 775 


P SUFFIX 
PLASTIC CASE 


CASE 7382s 20 


The MC10H332 is a Dual Bus Driver/Receiver with four-to-one 
output multiplexers. These multiplexers have common selects 
and output enable. When disabled, (OE = high) the bus outputs 
go to —2.0 V. The parameters specified are with 25 © loading on 
the bus drivers and 50 ( loads on the receivers. 


@ Propagation Delay, 1.5 ns Typical Data-to-Output 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


® Voltage Compensated 
@ MECL 10K-Compatible 





DIP & PLCC 
MAXIMUM RATINGS . PIN ASSIGNMENT 


Characteristic 


201_J Vcco2 


Power Supply (Vcc = 0) 


Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 55 to + 150 iO 
— Ceramic 55 to +165 °C 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (See Note) 


Symbol 


Power Supply Current oie | 


Input Current High linH pA 
667 417 417 
437 273 273 
456 285 285 


Pins 3,4,5,6,14, 
-15,16,17 
Pins 7,8 
Pins 13,18 
re Meow = rose = [ane 
| Coes eet votieoe Vie Le oriplaert ey Goren 


AC PARAMETERS puts are terminated through a 25-ohm resistor to 
—2.0 volts de. 


















11L_} Vcco1 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





NOTE: 
Each MECL 10H series circuit has been designed to 
meet the dc specifications shown in the test table, 
after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 






VIL 





Propagation Delay 
Data-to-Bus Output 
Select-to-Bus 

Output 
OE-to-Bus Output 
Bus-to-Receiver 


Select-to-Receiver 
RE-to-Receiver 
Data-to-Receiver 


Fall Time 
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MC10H332 


MULTIPLEXER TRUTH TABLE RECEIVER TRUTH 
TABLE 


| RE | Xin | Yin _| 
XBus 





















X — Don’t care 


LOGIC DIAGRAM 





OE © 

X0 (3) 

X1 (4) 

X2 (5) (2) XBus 

X3 (6) 

SO (7) 

S1 (8) ; 

Yo (17) =o 

1 @ aL, 

de D @y 
2 @——_ ep. = 
we inane i 
| > Vec = Pint 

V = Pin 11 

x, CCo1 

ih © = Vcco2 = Pin 20 

RE (33) VEE = Pin 10 

Yin (2) oe 
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(M\) MOTOROLA - WIC10H334 


QUAD BUS DRIVER/RECEIVER WITH TRANSMIT 
AND RECEIVER LATCHES gees 
The MC10H334 is a Quad Bus Driver/Receiver with transmit and CERAMIC PACKAGE 
receiver latches. When disabled, (OE = high) the bus outputs will CASE 134 
fall to — 2.0 V. Data to be transmitted or received is passed through 
its respective latch when the respective latch enable (DLE and FN SUFFIX 
RLE) is at a low level. Information is latched on the positive tran- PLCC 
sition of DLE and RLE. The parameters specified are with 25 2, a> CASE 775 
loading on the bus drivers and 50 © loads on the receivers. 
e@ Propagation Delay, 1.6 ns Typical Data-to-Output 


@ improved Noise Margin 150 mV (Over Operating Voltage and P SUFFIX 
Temperature Range) PLASTIC PACKAGE 


® Voltage Compensated CASE 738 20 
@ MECL 10K-Compatible 





DIP & PLCC 


MAXIMUM RATINGS PIN ASSIGNMENT 


Characteristic | Symbol | Rating | 
| Power Supply (Vcc = 0) | Vee | -80t00 | 
Input Voltage (Vcc = 0) aa 0 to VEE 


Output Current — Continuous lout 
— Surge 


Operating Temperature Range | oT; | oto +75 | 


Storage Temperature Range — Plastic Tstg ~55 to +150 
— Ceramic -55 to + 165 


ELECTRICAL CHARACTERISTICS re —5.2 V +5%) (See Note) 


ee Si 


Power Supply Current | te | 


Input Current High 
Pins 5,6,15,16 
Pins 7,14 
Pin 17 


Input Current Low 
- High Output Voltage Po 


20[_] Vcco3 





111} Vcco2 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





OH . 
Low Output Voltage : 

: NOTE: 
High Input Voltage — 0.84 : : Each MECL 10H series circuit has been designed to 
Low Input Voltage meet the dc specifications shown in the test table, 
after thermal equilibrium has been established. The 
AC PARAMETERS circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 
Propagation Delay Ifpm is maintained. Receiver outputs are terminated 
Data-to-Bus Output ; : : ‘ , : through a 50-ohm resistor to — 2.0 voits dc. Bus out- 
DLE-to-Bus Output puts are terminated through a 25-ohm resistor to 

ie Aladairiin shane —2.0 volts dc. 


OE-to-Bus Output 
Bus-to-RO 
RLE-to-RO 

Data-to- Receiver RO 


Fall Time 
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MC10H334 








LOGIC DIAGRAM 


Receiver Latch 


DRIVER TRUTH TABLE RECEIVER TRUTH TABLE 





X — Don't care 


X — Don’t care 
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(MA) MOTOROLA 


PECL* TO TTL TRANSLATOR 
(+5 Vdc Power Supply Only) 

The MC10H350 is a member of Motorola’s 10H family of high perfor- 
mance ECL logic. It consists of 4 translators with differential inputs and 
TTL outputs. The 3-state outputs can be disabled by applying a HIGH TTL 
logic level on the common OE input. 

The MC10H350 is designed to be used primarily in systems incorpo- 


rating both ECL and TTL logic operating off a common power supply. The 
separate Vcc power pins are not connected internally and thus isolate the 
noisy TTL Vcc runs from the relatively quiet ECL Vcc runs on the printed 
circuit board. The differential inputs allow the H350 to be used as an 
inverting or noninverting translator, or a differential line receiver. The H350 
can also drive CMOS with the addition of a pullup resistor. 

® Propagation Delay, 3.5 ns Typical @ MECL 10K-Compatible 


MAXIMUM RATINGS 


_ 
Power Supply (Veg = Gnd) a 
Operating Temperature Range 


Storage Temperature Range—Plastic = -55 to +150 
—Ceramic -55 to +165 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V a (See Note 1) 


| Ta = OC to 75°C | Ta = OC to 75°C to 75°C 
Characteristic — 































Power Supply Current TTL 
ECL 

Input Current High Pin 9 
Others 


Input Current Low Pin 9 NL 
Others WNL 


Input Voltage High Pin 9 <a 


Input Voltage Low Pin 9 


Differential Input Voltage (1) ae 
Pins 3-6, 11-14 (1) 


Voltage Common Mode 
Pins 3-6, 11-14 


Output Voltage High 


‘OH = 30 mA 3A aoe 


lo = 20 mA 


Short Circuit Current 
Vout = 0V 


Output Disable Current High IOZH 
VouT = 2.7 V 
Output Disable Current Low IOZL 
VouT = 0.5V 


(1) Common mode input voltage to pins 3-4, 5-6, 11-12, 13-14 must be between the values of 2.8 
V and 5.0 V. This common mode input voltage range includes the differential input swing. 

(2) For singie ended use, apply 3.75 V (Vgp) to either input depending on output polarity required. 
Signal level range to other input is 3.3 V to 4.2 V. 

(3) Any unused gates should have the inverting inputs tied to Vcc and the non-inverting inputs 
tied to ground to prevent output glitching. 

(4) 1.0 V to 2.0 V w/25 pF into 500 ohms. 


*Positive Emitter Coupled Logic 


a 

= 

| Vide 

coed 

Output Voltage Low <3 ae 


mA 
pA 
mA 
pA 
Vdc 
Vde 
mV 
Vdc 
Vdc 
Vdc 
mA 
pA 
pA 
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MC10H350 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Vcc (+5.0 Vdc) = Pins 1 and 16 
Gnd = Pin 8 


DIP 
PIN ASSIGNMENT 


ECL Vcc Lj! 16 FJ TTe Vcc 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. _ 





| MC10H350 | 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V +5%) (See Note 1) 


TA = 0°C to 75°C 
Characteristic Symbol | Min =| Max | _ Unit 


AC PARAMETERS (C,. = 50 pF) (Vcc = 5.0 +5%) (Ta = 0°C to 75°C) 


Propagation Delay 
Data 


Output Disabie Time 


Output Enable Time 








3-STATE SWITCHING WAVEFORMS 
3-State Output Low Enable and 3-State Output High Enable and 
Disable Times Disable Times 


OE 
1.5V 1.5V 
t t 
PZL PLZ tPZH tPHZ 
>VoH ~ 3.5V 
Vout 1.5V OH ~ 3.5 
Vout 
VOL 
0.3V 
0.3V 
TEST LOAD 
+7.0V OPEN 
tpzL, tpiz, O, C, ALL OTHER 


500 2 





*INCLUDES JIG AND PROBE CAPACITANCE 


Application Note: Pin 9 is an OE and the 10H350 is disabled when OE is at Vij or higher. 
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(AA) MOTOROLA ~ MC10H351 













QUAD TTL/NMOS TO PECL* TRANSLATOR 





L SUFFIX 
CERAMIC CASE 
CASE 732 


FN SUFFIX 
> PLCC 
CASE 775 
20 4 


Pea eee 
PLASTIC CASE : 
CASE 738 20 
1 


LOGIC DIAGRAM 


Bin 7 1 Bout 

2 B out 

Ain 8 5 A out 

4 A out 

Din 12 16 Dout 
17 D out 

Cin 14 19 Cout 
Common 9 18  Cout 


Strobe 
Vcc (+5.0 Vdc) = Pins 6, 11, 15, 20 


The MC10H351 is a quad translator for interfacing data between 
a saturated logic section and the PECL section of digital systems 
when only a +5.0 Vdc power supply is available. The MC10H351 
has TTL/NMOS compatible inputs and PECL complementary 
open-emitter outputs that allow use as an inverting/non-inverting 
translator or as a differential line driver. When the common strobe 
input is at a low logic level, it forces all true outputs to the PECL 
low logic state (~+3.2 V) and all inverting outputs to the PECL 
high logic state (~+ 4.1 V). 

The MC10H351 can also be used with the MC10H350 to transmit 
and receive TTL/NMOS inforrnation differentially via balanced 
twisted pair lines. | 


@ Single +5.0 V Power Supply 

e All Vcc Pins Isolated On Chip 

®@ Differentially Drive Balanced Lines 
® tod = 1.3 nsec Typical 




















MAXIMUM RATINGS 


ee en te 


Characteristic Symbol 


Power Supply 0 to +7.0 . Vde 
Input Voltage (Vcc = 5.0 V) 0 to Vcc 





Output Current — Continuous lout 
— Surge 


Operating Temperature Range TA Oto +75 °C 


re 


Storage Temperature Range — Plastic Tstg —55 to + 150 °C 
-—~ Ceramic —55 to +165 


ELECTRICAL CHARACTERISTICS (Vcc = Vcci = Vcc2 = 5.0 V + 5.0%) 













Gnd = Pin 10 
Power Supply 
Current DIP 
a PIN ASSIGNMENT 


Reverse Current 
Pins 7, 8, 12, 14 
Ping 






B out (_j1 20(,_JECL Vcc 
Forward Current = 
Pins 7, 8, 12, 14 B out L_} 2 19{ _ |C out 
Pin 9 N.c. LJ 3 18 {_JC out 
Input Breakdown V i 
Input Clamp Voltage Vj A out 16[_ JD out 
lin = —18MA : 
Ain = Vec LJj6é 15{_] Vcc 2 
High Output VOH 
Voltage (1) Bin{_j7 14{_J]Cin 
Low Output VOL Ain] 8 13 L_JN.C. 
Voltage (1) . Comin 
High Input Voltage Strobe | 12|_JD in 





Low Input Voltage VIL 


GND [7] 10 11[ JTTL Vcc 


(1) With Vcc at 5.0 V. VoH/VoL change 1:1 with Vcc. 
*Positive Emitter Coupled Logic Pin assignment is for Dual-in-line Package. 
For PLCC pin assignrnent, see tables on page 1-35. 
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MC10H351 





AC PARAMETERS 


| Characteristic 


Propagation Delay (1) 
Rise Time (20% to 80%) 
Fall Time (80% to 20%) 


Maximum Operating Frequency 














(1) Propagation delay is measured on this circuit from +1.5 volts on the input waveform to the 50% point on the output waveform. 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated 
through a 50-ohm resistor to Vcc — 2.0 Vdc. 
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MOTOROLA 


QUAD CMOS TO PECL* TRANSLATOR 


The MC10H352 is a quad translator for interfacing data between 
a CMOS logic section and the PECL section of digital systems 
when only a +5.0 Vdc power supply is available. The MC10H352 
has CMOS compatible inputs and PECL complementary open- 
emitter outputs that allow use as an inverting/non-inverting trans- 
lator or as a differential line driver. When the common strobe 
input is at a low logic level, it forces all true outputs to the PECL 
low logic state (~+3.2 V) and all inverting outputs to the PECL 
high logic state (~+4.1 V). 

The MC10H352 can also be used with the MC10H350 to transmit 
and receive CMOS information differentially via balanced twisted 
pair lines. 


@ Single +5.0 V Power Supply 

@ All Vcc Pins Isolated On Chip 

@ Differentially Drive Balanced Lines 
® tod = 1.3 nsec Typical 


MAXIMUM RATINGS 
Characteristic 


[Symbol [Rating 
Woe | oto +70 | 
Tw | ot vee | 


a 
a | vie — 
a2 SE 
bce! 


Power Supply 
Input Voltage (Vcc = 5.0 V) 


Vcc de 
V| de 
Output Current — Continuous A 
— Surge 
°C 
-55to +1501 °C 


—55 to +165 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 





ELECTRICAL CHARACTERISTICS (Vcc = Vcc1 = Vcec2 = 5.0 V + 5.0%) 












3 
> 


N 
° 

3 
> 


Reverse Current 


BL 
Pins 7, 8, 12, 14 


A 

Pin 9 
A 
Cc 




















Forward Current m 
Pins 7, 8, 12, 14 ; 
Pin 9 ; 
Input Breakdown V(BR)in Vd 
Voltage 
input Clamp Voltage V| —1.5 Vdc 





High Output OH 4.08 | 4.27 | Vdc 
Voltage (1) 
Low Output 3.37 | Vdc 
Voltage (1) 






a leas 
Kl ed lal 
[High input Vorage | via [ats] — [ons — [aie] — | vee 


(1) With Vcc at 5.0 V. VoH/VoL change 1:1 with Vcc. 
*Positive Emitter Coupled Logic 
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L SUFFIX 
CERAMIC CASE 
CASE 732 


FN SUFFIX 
PLCC 
201 CASE 775 


P SUFFIX 
PLASTIC CASE 
CASE 738 20 : 


LOGIC DIAGRAM 


B out 


B out 


A out 


A out 


D out 


D out 


Cin 14 C out 


Common 9 C out 
Strobe 


Vcc (+5.0 Vdc) = Pins 6, 11, 15, 20 
Gnd = Pin 10 


DIP 
PIN ASSIGNMENT 


20{_JECL Vcc 


11[_JCMOS Vcc 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





| | MC10H352 


AC PARAMETERS 





Characteristic Symbo! Min Max Min Max Min Max Unit 
Propagation Delay (1) tod 


| 0.4 
Rise Time (20% to 80%) | ot | o4 | 19 | 04 


(1) Propagation delay is measured on this circuit from Vcc/2 on the input waveform to the 50% point on the output waveform. 

NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated 
through a 50-ohm resistor to Vcc — 2.0 Vdc. 
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(A) MOTOROLA MC10H423 


TRIPLE-3 INPUT BUS DRIVER WITH ENABLE 








L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


The MC10H423 is a triple 3 Input Bus Driver with a common 
enable. 

The MC10H423 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with Vo, = —2.1 Vdc so that the bus may be 

‘terminated to — 2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10H423 are “turned off.” This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VQH level is specified when driving a 25-ohm load termi- 
nated to — 2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped- 
ance that can be driven by the MC10H423, higher impedance 
values may be used with this part. A typical 50 ohm bus is shown 
in Figure 1. 






P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 













LOGIC DIAGRAM 







®@ Propagation Delay, 1.5 ns Typical @ Voltage Compensated 


@ Improved Noise Margin 150 mV (Over @ MECL 10K-Compatible 
Operating Voltage and Temperature Range) . 










MAXIMUM RATINGS 


Input Voltage (Vcc = 0) Oto VEE Vdc 


Output Current — Continuous mA 
— Surge 


VEE 
VI 
TA 
Storage Temperature Range — Plastic Tstg -55 to +150 °C 
— Ceramic ~55 to +165 °¢ 
Characteristic 


Power Supply Current 


Input Current High 
Pins 4,5,6,9,10, 
11,12,13,14 

Pin 7 


Input Current Low 
High Output Voltage 






2 







Vcc1 = Pin 
Vcc2 = Pin 16 
Veg =Pin8 


15 





DIP 
PIN ASSIGNMENT 


Propagation Delay 
Pin 7 Only 


Exclude Pin 7 . . . Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35 
Fall Time 


NOTE: 
Each MECL 10H series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been establkished. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.1 volts. 
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FIGURE 1 — 50-OHM BUS DRIVER (25-OHM LOAD) 


1/3 MC10H423 1/3 MC10H423 1/3 MC10H423 


Zo9 = 500 
500) eae 
~2.0 Vde RECEIVERS (MECL Gates) -2.0 Vde 
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MOTOROLA 


QUAD TTL-TO-ECL TRANSLATOR WITH 
AN ECL STROBE 


The MC10H424 is a Quad TTL-to-ECL translator with an ECL 
strobe. Power supply requirements are ground, +5.0 volts, and 
—5.2 volts. 


@ Propagation Delay, 1.5 ns Typical 


® Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


® Voltage Compensated 
@ MECL 10K — Compatible 


MAXIMUM RATINGS 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg ~55 to + 150 °C 
— Ceramic -55 to + 165 


ELECTRICAL CHARACTERISTICS (Veg = -5.2 V + 5%, Vcc = 5.0 V + 5.0%) 


ee ee cs 
Characteristic | Min | Max | Min | Max| Min | Max | 


Negative Power Supply 72 72 |jmAdc 
Drain Current 
Positive Power Supply |_IccH | | 16 | — | 18 |made 


Reverse Current Pin —, pAdc 
5,7,10,11 

Forward Current Pin ~-3.2 

5,7,10,11 

Input HIGH Current Pin 6 
Input LOW Current Pin 6 


Input Breakdown Voltage | V(grR)in 
Input Clamp Voltage 
High Output Voltage | —1. 


Low Output Voltage VOL 
High input Voltage Pin VIH f 
5,7,10,11 
Low Input Voltage Pin VIL 
5,7,10,11 

VI 
IL 














oO 
e) 


are ees 
Pees eevee! 
as — [15 [vee | 
“096-0. | -0.82 [0.795 | Vac 
19 1.95 | 1.60 | vae| 


+2.0 Vdc 


i<e) 
fee) 


< 
2) 





— 


NO = 
Oo oO 
NO 


—_ 


7 


High Input Voltage Pin 6 _ 


~0.84 


oi] -107 |-0708| vac | 
mis] —195 | -148 [vac | 


Low Input Voltage Pin 6 


[oe] 
& 


é 
joe 
fo) 
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[aio | — [310 [aaae] 


MC10H424 


—_ L SUFFIX 

NA ae CERAMIC PACKAGE 
i" i i CASE 620 

16 , 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 A 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Gnd = Pin 16 
Vcc (+5.0 Vde) = Pin 9 
Veg (—5.2 Vdc) = Pin 8 















DIP 
PIN ASSIGNMENT 


Bout 


Aout 











Bout 
Aout 
Ain 


Common 
Strobe 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


AC PARAMETERS 





Propagation Delay 
Data 
Strobe 


[Rise Time | t_ [0.5] 2.0/0.5] 2.0]0.5 | 2.2 ns 







[FallTime | ty_ [05] 2.0] 0.5] 2.0/0.5] 2.2] ns | 


NOTE: 


Each MECL 10H series circuit has been designed to meet the dc spec- 
ifications shown in the test table, after thermal equilibrium has been 
establkished. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 !fpm is main- 
tained. Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 


APPLICATIONS INFORMATION 


The MC10H424 has TTL-compatible inputs, an ECL 
strobe and MECL compiementary open-emitter out- 
puts that allow use as an inverting/non-inverting trans- 
lator or as a differential line driver. When the common 
strobe input is at the low-logic level, it forces all true 
outputs to a MECL low-logic state and all inverting 
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outputs to a MECL high-logic state. 

An advantage of this device is that TTL-ievei infor- 
mation can be transmitted differentially, via balanced 
twisted pair lines, to MECL equipment, where the sig- 
nal can be received by the MC10H115 or MC10H116 
differential line receivers. 











(M\) ‘MOTOROLA 


9-Bit TTL/ECL Translator 


The MC10H/100H600 is a 9-bit, dual supply TTL to ECL translator. 
Devices in the Motorola 9-bit translator series utilize the 28-lead PLCC for © 
optimal power pinning, signal flow-through and electrical performance. 

The H600 features both ECL and TTL logic enable controls for maximum 
flexibility. 

The 10H version is compatible with MECL 10H ECL sae levels. The 
100H version is compatible with 100K levels. 


9-Bit Ideal for Byte-Parity Applications 

Flow-Through Configuration 

Extra TTL and ECL Power/Ground Pins to Minimize Switching Noise 
ECL and TTL Enable Inputs 

Dual Supply 

3.5 ns Max D toQ 

PNP TTL Inputs for Low Loading 

Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 


LOGIC SYMBOL 


ECL 





2-102 











MC10H600 
MC100H600 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 


PIN NAMES 


TTL Ground (0 V) 

ECL Vcc (0 V) 

ECL Vcc (0 V) — Outputs 
TTL Supply (+5.0 V) 

ECL Supply (—5.2/—4.5 V) 
Data Inputs (TTL) . 
Data Outputs (ECL) 

Enable Contro} (ECL) 

Enable Control (TTL) 


TRUTH TABLE 


pees [om [> [a 





Q7Vcco Q6 VEE 


MC10H600 « MC100H600 


DC CHARACTERISTICS: VccrT = 5.0 V + 10%; Veg =—5.2 V + 5% (10H version); Veg = —4.2 V to —5.5 V (100H version) 





AC CHARACTERISTICS: Vccrt = 5.0 V + 10%; Veg =—5.2 V + 5% (10H version); Vege = —4.2 V to —5.5 V (100H version) 


Symbol | oe | 
















Propagation Delay 50 Q to -2.0 V 


ie Outpul | 50 Q to -2.0V 
tR Output Rise/Fall Time 0 0.5 1.5 50 Q to-2.0 V 
tF 20%-—80% 


ee ee ee ee 
Symbol NE eee is nin 
NH Input HIGH Current 225 145 145 
IL Input LOW Current 0.5 
VIH Input HIGH Voltage -1170 | -—840 | -1130 | -810 | -1070 | -—735 mV 
VIL Input LOW Voltage —1950 | -1480 | -1950 | —-1480 | -1950 | -1450 
VOH Output HIGH Voltage —1020 | —840 ; -980 {| -810 | -—920 | —735 mV 50 Q to -2.0 V 
VOL Output LOW Voltage —1950 | -1630 | -1950 | -1630 | -1950 | —1600 
100H ECL DC CHARACTERISTICS: Vccqt = 5.0 V + 10%; Veg = -4.2 V to-5.5 V 
Symbol Parameter [Min | Mex {Min | Max | ate | 
iH Input HIGH Current 225 145 
HL Input LOW Current 0.5 0.5 
VIH Input HIGH Voltage —1165 | —880 | -1165 | —880 | -1165 | —880 mV 
VIL Input LOW Voltage —1810 | -1475 | —1810 | -—1475 | -1810 | -1475 
VOH Output HIGH Voltage —1025 | —880 | -1025 | -880 | -1025 | -—880 mV 50 Q to -2.0 V 
VOL Output LOW Voltage —1810 | -1620 | -1810 | -1620 | -1810 | -1620 


Symbol Parameter 
VIH Input HIGH Voltage 
Input LOW Voltage 
i Input HIGH Current 

































VIL 

NH 
Input LOW Current 
Input Clamp Voltage 
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(MA) ‘MOTOROLA 


9-Bit ECL/TTL Translator 


The MC10H/100H601 is a 9-bit, dual supply ECL to TTL translator. 
Devices in the Motorola 9-bit translator series utilize the 28-lead PLCC for 
optimal power pinning, signal flow-through and electrical performance. 

The devices feature a 48 mA TTL output stage, and AC performance is 
specified into both a 50 pF and 200 pF load capacitance. For the 3-state 
output disable, both ECL and TTL control inputs are provided, allowing 
maximum design flexibility. 

The 10H version is compatible with MECL 10H ECL logic levels. The 
100H version is compatible with 100K levels. 


9-Bit Ideal for Byte-Parity Applications 

3-State TTL Outputs 

Flow-Through Configuration 

Extra TTL and ECL Power Pins to Minimize Switching Noise 

ECL and TTL 3-State Control ee 

Dual Supply 

4.8 ns Max Delay into 50 pF, 9.6 ns into 200 pF. fall outputs switching) 
PNP TTL Inputs for Low Loading 

Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 


LOGIC SYMBOL 


Do > Qo 
| ee 
p2 + > Q2 
D3 > Q3 
ECL 4 > di TTL 
D5 , a Q5.. 
ae yt ae 
D7 > Q7 
D8 as 
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MC10H601 | 
MC100H601 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





PIN NAMES 


TTL Ground (0 V) 
ECL Vcc (0 V) 

TTL Supply (+5.0 V) 
ECL Supply (-5.2/—4.5 V) 
Data Inputs (ECL) 

Data Outputs (TTL) 
3-State Control (ECL) 
3-State Control (TTL) 










~MC10H601 « MC100H601 


DC CHARACTERISTICS: Vcct = 5.0 V + 10%; Veg = —5.2 V + 5% (10H version); a = —4.2 V to —5.5 V (100H version) 


| Output Short Circuit Current | Output Short Circuit Current Circuit Current 


— Output Disable Current 
lOZL 


| rae ff 
tPLH Propagation Delay : : 
tPHL to Output 
tPLZ i i 
(PHZ 
tPLZ 
tPHZ 
tPZL 
tPZH 
tPZL 
tPZH 


Condition 


eee fateh 

Input HIGH Current 

Input LOW Current 

Input HIGH Voltage —1165 | —880 | -1165 | —880 | —1165 | —880 
Input LOW Voltage -—1810 | -1475 | -1810 | -1475 | -1810 | -1475 


Parameter 
input HIGH Voltage ; 
Input LOW Voltage 
Input HIGH Current VIN =2.7V 
VIN=7.0V 


Input LOW Current IN= 0.5V 
input Clamp Voltage : liN =—-18 mA 


OH Output HIGH Voltage : : IOH =—3.0 mA 
; : : IOH =-15 mA 


lo. =48 mA 
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(A) MOTOROLA ~—_—i|_sCcMC10H 602 
— MC100H602 


9-Bit Latch TTL/ECL Translator 


The MC10H/100H602 is a 9-bit, dual supply TTL to ECL translator with 
latch. Devices in the Motorola 9-bit translator series utilize the 28-lead 
PLCC for optimal power pinning, signal flow-through and electrical _ 


performance. 

The H602 features D-type latches. Latching i is controlled by Latch En- 
able (LEN), while the Master Reset input resets the latches. A post-latch EN SUFFIX 
logic enable is also provided (ENECL), allowing control of the output state PLASTIC PACKAGE 
without destroying latch data. All control inputs are ECL level. CASE 776 


The 10H version is compatible with MECL 10H ECL logic levels. The 
100H version is compatible with 100K levels. 








e 9-Bit Ideal for Byte-Parity Applications . . PIN NAMES 

e Flow-Through Configuration 

e Extra TTL and ECL Power/Ground Pins to Minimize Switching Noise — | - TTL Ground re v) 

e Dual Supply ECL Vcc (0 V) 

e 3.5 ns Max DtoQ : ss ECL Vcc (0 V) — Outputs 

e PNP TTL Inputs for Low Loading TTL Supply (+5.0 V) 

¢ Choice of ECL Compatibility. MECL 10H (10Hxxx) or 100K (100Hxxx) 3 ECL Supply (—5.2/-4.5 V) 
Data Inputs (TTL) 
Data Outputs (ECL) 
Enable Control (ECL) _ 


Latch Enable (ECL) 
LOGIC SYMBOL a Master Reset (ECL) 


ENECL 


DO 


D1 


D2 





D3 Ds = Vcoct D3 D2 


eS ECL 


D5 


D6 


-Q8- Q7 Voc 06 VEE 05 
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MC10H602 « MC100H602 


DC CHARACTERISTICS: Vccrt = 5.0 V + 10%; VEE = —5.2 V + 5% (10H version); VEE = —4.2 V to —5.5 V (100H version) 











Parameter 


nll Power Supply Current 
10H 
100H 
ICCH TTL | 
ICCL 


Parameter 













Propagation Delay 
to Output 









ite Set-Up Time, D tc LEN 
Hold Time, D to LEN 
tyw(L) LEN Pulse Width, LOW 


Output Rise/Fal! Time 
tF 


20% —80% 
10H ECL DC CHARACTERISTICS: Vccrt = 5.0 V + 10%; sai =-5.2V+5% 


rm Input HIGH Current 145 
HL Input LOW Current 0.5 0.5 
VIH Input HIGH Voltage -1170 | —840 | —1130 810 —1070 | -—735 
VIL Input LOW Voltage —1950 | -1480 | -1950 | -1480 | -—1950 | —1450 
VOH Output HIGH Voltage -—1020 | —840 | -980 | -—810 | —920 | -—735 50 2 to-2.0V 
VOL Output LOW Voltage —1950 | ~1630 | ~1950 | -1630 | -1950 | —1600 
100H ECL DC CHARACTERISTICS: Vcoct = 5.0 Vv + 10%; TE =-42Vto-5.5V 
Symbol Parameter [aT Condition 
NH Input HIGH Current 
HL Input LOW Current 0.5 - 
VIH Input HIGH Voltage —1165 | -880 | -1165 | —880 ; -1165 | —880 
Input LOW Voltage ~1810 | -1475 | -1810 | -1475 | -1810 | —-1475 
Output HIGH Voltage —1025 | -880 | -1025 | —880 | -1025 | —880 50 2 to -2.0 V 
Output LOW Voltage —1810 | -1620 | -1810 | -1620 | -1810 | —1620 








































Input HIGH Voltage 
Input LOW Voltage 
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(AA) MOTOROLA 


9-Bit Latch ECL/TTL Translator 


The MC10H/100H603 is a 9-bit, dual supply ECL to TTL translator. 
Devices in the Motorola 9-bit translator series utilize the 28-lead PLCC for 
optimal power pinning, signal flow-through and electrical performance. 


The devices feature a 48 mA TTL output stage, and AC performance is — 


specified into both a 50 pF and 200 pF load capacitance. Latching is con- 


trolled by Latch Enable (LEN), and Master Reset (MR) resets the latches. — 





A HIGH on OEECL sends the outputs into the high impedance state. All 
control inputs are ECL level. 
The 10H version is compatible with MECL 10H ECL logic levels. The 
100H version is compatible with 100K levels. 
9-Bit Ideal for Byte-Parity Applications 
3-State TTL Outputs 
Flow-Through Configuration 
Extra TTL and ECL Power Pins to Minimize Switching Noise 
Dual Supply 
6.0 ns Max Delay into 50 pF, 12 ns into 200 pF (all outputs switching) 
PNP TTL Inputs for Low Loading 
e Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 


LOGIC SYMBOL 


ECL 
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MC10H603 
MC100H603 


= 


4 5 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





PIN NAMES 


TTL Ground (0 V) 

ECL Vcc (0 V) 

TTL Supply (+5.0 V) 

ECL Supply (—5.2/-4.5 V) 
Data Inputs (ECL) 

Data Outputs (TTL) 
3-State Control (ECL) 
Latch Enable (ECL) 
Master Reset (ECL) 


MR LENOEECLVgg DO D1 





MC10H603 e MC100H603 


DC CHARACTERISTICS: Vccrt = 5.0 V + 10%; Veg =—5.2 V + 5% (10H version); Veg = —4.2 V to —5.5 V (100H version) 
ICCH 


| log | Output Short Circuit Current | Output Short | Output Short Circuit Current | Current 


lOZH Output Disable Current HIGH 
lOZL LOW 











Propagation Delay 
to Output 





cm 0 cs 0 3.0 
6.4 12 6.4 

3.5 6.5 3.5 

7.0 13 70 

3.0 6.0 3.0 

6.0 12 6.0 

ts _ Set-Up Time, D to LEN 
th Hold Time, D to LEN : 
tyw(L) LEN Pulse Width, LOW. 





3.5 
7.0 
3.0 
6.0 


2:5 
4.2 
2.0 
4.0 
0.2 
0.2 











tPLZ Output Disable Time 
(PHZ 
al Enable Time HE 
Output Rise/Fall Time 
1.0V-2.0V 
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MC10H603 « MC100H603 


10H ECL DC CHARACTERISTICS: Vocr = 5.0 V + 10%; Veg =—5.2 V+ 5% 


ee 
cam oo] ow | co 
Input HIGH Current LA 
Input LOW Current HA 
Input HIGH Voltage ~1170 | -—840 | -1130 | -—810 | -1070 | -—735 
Input LOW Voltage -1950 | -1480 | -1950 | -1480 | -1950 | —1450 
| TEC 


[oe | oe | we) 75 
Parameter = 


WH Input HIGH Current 
NL. Input LOW Current 0.5 



















VIH input HIGH Voltage ~1165 | -880 | 11 65 | -880 | -1165 | —880 
VIL Input LOW Voltage —-1810 | —-1475 | -1810 | -1475 | -1810 | -1475 
TTL DC CUARACTERISHC?: VocTt =5.0Vt =e a —5.2 V + 5% (10H version); Veg = —4.2 V to —5.5 V (100H version) 


VIH Input HIGH Voltage : 
VIL Input LOW Voltage 
WH Input HIGH Current | 


Input. LOW Current 
Input Clamp Voltage 













Output HIGH Voltage 


Pe Ee 
p12 | Vv 

V OH = =-3.0 mA 
stv 


Output LOW Voltage loL = 48 mA 
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(AA) MOTOROLA | MC10H604 
MC100H604 


Product Preview eens 
Registered Hex TTL/ECL Translator HEX TTL TO 


ECL TRANSLATOR 





The MC10H/100H604 is a 6-bit, registered, dual supply TTL to ECL translator. The de- 
vice features differential ECL outputs as well as a choice between eitheradifferentialECL PIN NAMES 


clock input or a TTL clock input. The asynchronous master reset control is an ECL level | PIN | FUNCTION 


input. 
With its differential ECL outputs and TTL inputs the H604 device is ideally suited for the oa eee 


transmit function of a HPPI bus type board-to-board interface application. The on chip reg- 












; a a Clock Input 
isters simplify the task of synchronizing the data between the two boards. - TTL Ciccic ak 

The device is available in either ECL standard: the 10H device is compatible with MECL ECL Master Reset 
10H logic levels while the 100H device is compatible with 100K logic levels. Input 





True ECL Outputs 
Inverted ECL Outputs 


ECL Vcc 
TTL Vcc 
TTL Ground 
ECL Vege 


e Differential 50Q ECL Outputs 

e Choice Between Differential ECL or TTL Clock Input 
e Dual Power Supply 

e Multiple Power and Ground Pins to Minimize Noise 
e Specified Within-Device Skew 












a TABLE 


Tew 
cy 
L 
H 


Z= LOW to HIGH Transition 






LOGIC SYMBOL 


25 24 23. 22 21 





VeB=———_ 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC10H604 e MC100H604 


DC CHARACTERISTICS: Vee = VeE(Min) to Vee(Max); Voce = GND; VocT = 5.0 V +10% 


es 
Characteristic [win | Typ | Max | win | Typ | Max | Min | Typ | 


ermot| coe 
10H 130 130 130 
100H 130 140 150 

a ee ee ee ee 


ICCH TTL Power Supply Current 


ae a ee a ae ee a 


10H ECL DC CHARACTERISTICS: (Vocq = +5.0 V +10%; Vez = —5.20 V 45%) 


ii iii Stuer aera ea Pie ae a sil an | 
Pin | mpuriGHcurent | | [est | [wt | [wsfwl] 
Pi, | mputtowcurenn [os] | }os| | [os] [| [wl] 
Twin | tmputiGHvotage __[-r170| | -ea0 [-1a0| [010 [1000] _[-ro[ mv | 
Pvi, | Input Low vottage [1950] [1400-1050] [1400 [1050] [eo] mv | 
[vas | OuiputBias Votage [1980] [1270-1950] _|-1200|-1910] __[-r00] mv | 
EU et A 
VOL Output LOW Voltage -—1950 -1630 | -1950 —1630 | -1950 —1595 


100H ECL DC CHARACTERISTICS: (Vcocrq = +5.0 V 10%; Veg =—4.2 V to —5.5 V) 


ee Characteristic 






































Twin | typ | Max | Min | Wp | Max | win | Typ | Max 
Ming | mpaticH Curent | | [ast | [wt | 
ri, | mputowcurens Jos] {| fos] | [os] 
Tvin | tnput HIGH Votage [1168] | 080 [-ries | [000 [1165 
[vi | tnput ow Votiage __|-1e10 _|-tars|-re10] [1475 [=te10| 
Output Bias Votage | 1960] _[-ra60|-1980[ [1260-1900] 
VOL Output LOW Voltage -1810 -1620 |-1810 —1620 | -1810 


eee ees See ee 
| Typ | Max | Min | typ | Max | Min | Typ _ 


feel cece, 
VIH Input HIGH Voltage 
ViL Input LOW Voltage 
at] Input HIGH Current 


Input LOW Current 
Input Clamp Voltage | 


Es 
100 100 VIN = 7.0 V 
eS Cs ae Bie oo ee A_| Vin=0. 


|_| 0.6 | mA | Vin=0.5V_ 
Pp tet te Tt VT ty = 18 ma | 









a ee ee 
| Typ_| Max | Min | Typ | Max | Min | Typ | Max | 


Propagation Delay to Output 
CLK toQ : 3.5 1.5 
TCLK to Q : 4.0 2.0 
MR to Q . 4.0 1.5 





— ft \Q — 


arpaon 


CLK, MR 
Minimum Input Swing 
Rise/Fall Times 
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MOTOROLA 


Registered Hex 
ECL/TTL Translator 


The MC10/100H605 is a 6-bit, registered, dual supply ECL to TTL translator. 
The device features differential ECL inputs for both data and clock. The TTL 
outputs feature balanced 24mA sink/source capabilities for driving transmission 
lines. 

With its differential ECL inputs and TTL outputs the H605 device is ideally 
suited for the receive function of a HPPI bus type board-to-board interface 
application. The on chip registers simplify the task of synchronizing the data 
between the two boards. 

A VBB reference voltage is supplied for use with single-ended data or clock. 
For single-ended applications the Vpp output should be connected to the “bar” 
inputs (Dn or CLK) and bypassed to ground via a 0.01 iF capacitor. To minimize 
the skew of the device differential clocks should be used. 

The ECL level Master Reset pin is asynchronous and common to all flip-flops. 
A “HIGH” on the Master Reset forces the Q outputs “LOW”. 

The device is available in either ECL standard: the 10H device is compatible 
with MECL 10H logic levels while the 100H device is compatible with 100K 
logic levels. 


e Differential ECL Data and Clock Inputs 

e 48mA Sink, 15mA Source TTL Outputs 

e Dual Power Supply 

e Multiple Power and Ground Pins to Minimize Noise 
e 700ps Within-Device Skew 

e 2.0ns Part-to-Part Skew 


LOGIC SYMBOL 
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MC10H605 
MC100H605 


REGISTERED 
HEX ECL TO TTL 
TRANSLATOR 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





PIN NAMES 


True ECL Data Inputs 
Inverted ECL Data Inputs 

CLK} Differential ECL Clock Input 
ECL Master Reset Input 
TTL Outputs 


ECL Vcc 
TILVcc 
TTL Ground 
ECL VEE 








Z = LOW to HIGH Transition 


PINOUT: 28-LEAD PLCC (TOP VIEW) 





MC10H605 « MC100H605 


10H ECL DC CHARACTERISTICS (VocT = +5.0 V +10%; Veg =—5.20 V £5%) 


Characteristic 


Input High Current 
Input Low Current 


cae 
ee | SupplyCunent || 68 
iia hod 
| 05 | 
ca 
Vea | 


io sore | 
CMRR Reject Range = 


Input Common Mode -—2800 
Reject Range -—3000 
—3300 





100H ECL DC CHARACTERISTICS sce = +5.0 V +10%; VEE = 


Output Bias bie 


Vmax Input Common Mode 
CMRR Reject Range 


Input Common Mode 
Reject Range 


Vin 
CMRR 





“ NOTE: DO NOT short the ECL inputs to the TTL Vcc. 


pee 
a 


= 
~1950 


-1270 


me 
e VEE = -4.94 


VEE = —5.20 
VEE = —5.46 


~4.2V to-5.5 V) 


~1810 
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MC10H605 « MC100H605 


TTL DC CHARACTERISTICS (Vccq = +5.0 V £10%; Veg = —5.2 V +5% (10H); Veg = -4.2 V to—5.5 V (100H)) 


aie Characteristic 


Supply Current A | Outputs Low 
ICCH Supply Current A |} Outputs High 

















oc a ee ae eee 

a Pay Typ | Max | Min | Typ | Max | Min Typ | Max | 
tPLH Propagation Delay 
CLK to Q (Diff) 

CLK to Q (SE) 


Across P.S. 
and Temp 





5.3 6.7 4.3 5.4 6.7 4.3 5.6 6.7 Ci = 50 pF 

tPHL Propagation Delay Across P.S. 
CLK to Q (Diff) 5.1 6.0 4.0 5.5 6.0 and Temp 

CLK to Q (SE) 5.1 6.2 3.8 5.5 6.2 Cy = 50 pF 







tPHL Propagation Delay a as at - n ee P.S. 
: : : and Temp 
CL = 50 pF 


Setup Time 
Hold Time 


3 
tpw Minimum Pulse Width 
CLK 
Minimum Pulse Width | 1.0 
MR 


[vee | winimoninessvirg | 150 |_| | | Ce 
fe [Reotme for [ro |e for || as [or | wo 
fx [reiting fos for [re [os [or [v2 [os | or | aa! 
fan [reevnecowytme [es] | tes | les] | 


=|/-| wm [or [aa 
Oi o oo Oo 
aa | ont 
oOo 
DD 
Nh © 


a | 


EAE 

38 | 5.1 | 6. 
BIDCEE 
ae ee 
ae ee Ee 


oak: 
Oo 
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L a: Z 
| H L Z 
Xx H 


(AA) MOTOROLA 


Registered Hex TTL/PECL 


Translator 


The MC10/100H606 is a 6-bit, registered, single supply TTL to PECL 
translator. The device features differential PECL outputs as well as a choice 
between either a differential PECL clock input or a TTL clock input. The 


asynchronous master reset control is a PECL level input. 


With its differential PECL outputs and TTL inputs the H606 device is ideally 
suited for the transmit function of a HPPI bus type board-to-board interface 
application. The on chip registers simplify the task of synchronizing the data 


between the two boards. 


The device is available as an MC10H606 which is compatible with MECL 1 OH 


MC10H606 — 
MC100H606 — 


REGISTERED > 
HEX TTL/PECL 
TRANSLATOR 





FN SUFFIX 


logic levels, and the MC100H606 which is compatible with 100K logic levels. PLASTIC PACKAGE 


Both use a Vcc of +5.0 volts. 


e Differential 50 © ECL Outputs | 

Choice Between Differential PECL or TTL Clock Input 
Single Power Supply 

Multiple Power and Ground Pins to Minimize Noise 
Specified Within-Device Skew 


TRUTH TABLE 


[o,| wa | TeuKeLK 





-ir 


Z = LOW to HIGH Transition 


LOGIC DIAGRAM 





CASE 776-02 





PIN NAMES 


Do-Ds5 TTL Data Inputs 

CLK, CLK | Differential PECL Clock Input 
TTL Clock Input . 
PECL Master Reset Input 
True PECL Outputs 
Inverted PECL Outputs 


ECL Vcc 
TTL Vcc 
TTL/PECL Ground 





PINOUT: 28-LEAD PLCC (TOP VIEW) 
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MC10H606 « MC100H606 


DC CHARACTERISTICS (Vcct = VccE = 5.0 V +5%) 


Ta = 0°C 
Characteristic Condition 


ICCTL Supply Current mA Outputs LOW 
ICCTH Supply Current mA Outputs HIGH 


Ta =0°C Ta = 25°C 
Characteristic 


i a 
ir | wouticivelege ———SSSCSC~id 
cs 


Input HIGH Current 20 
100 


Input LOW Current ; 





















lINH 


a 


Pints | Wpathigh Curent 
fos PA 
VoL 


c 
> 


fee} 
be | 
fo) 
ms 
— 
co 
Oo 


Output LOW Voltage 3050 | 3370 3050 | 3400 Voct = 5.0 V 
Output Bias Voltage 3620 | 3730 810 VocT = 5.0 V 





100H PECL DC CHARACTERISTICS (VccT = VEE = 5.0 V +5%) 


eee 
ian 


a Ce eB Be Ce 


Output Bias Voltage 3620 | 3740 | 3620 | 3740 | 3620 | 3740 m Voct = 5.0 V_ 






Bi 





as 
© 
s 






Oo 
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MC10H606 ¢ MC100H606 


AC CHARACTERISTICS (VocT = VcCE = 5.0 V 5%) 


| : Ta = 0°C Ta = + 25°C Ta = + 85°C 
Symbol _ Characteristic _ 


| Min | Typ | Max | min | Typ 






a) 
Ni 
or 
=k 
~ 
or 
~ 
ro) 
ro) 
wo 
“I 
or 
Ss 
“J 
on 


w 
“I 
ol 


Propagation Delay 175 
~TCLK++ 

Propagation Delay 1.75 

TCLK+— 


ion Cy = 50 pF . 
Propagation Delay | | 1.50 
CLK++ 
K 


CL = 50 pF 
C.. = 50 pF 


ad 
“I 
ol 


oe) 7) 
on on 
ro) ro) 







wl 
oO “NI 
(o>) on 

ok 

a | 

or 
NO ie) 
o1 Oo 
Oo So 
jee) oO 
o1 SN 
oO o1 
—sS as 
o1 N 
Oo oi 


° 
i) 
no 
ro) 
—_ 
on 
ro) 
Y 
on 
So 
os) 
on 
o 
as 
on 
ro) 


s | CL=50pF 
| CL =50 pF 


C= 50 pF 
Cl. = 50 pF 


C. = 50 pF 


CL = 50 pF 


Propagation Delay 1.5 
CLK+— 7 


on 
oO 
ok 
aa 
ol 


Propagation Delay 1.50 3.50 | 1.50 | 2.50 | 3. 
MR+— 


oa ‘ 
= 


= 
oOo 


Setup Time 1.5 : 
Hold Time 1.5 ; 


Minimum Pulse Width 1.5 
CLK 

Minimum Pulse Width 1.5 
MR 


—_— 
oa 
— 

Ol 





ae 
on 


no 
ro) 

Nm —_ 

ao ol 


CL = 50 pF 








2.0 


o_o, 

o1 
ari on —| oO] oO 
o1o olal]a 


N 
° 


[ristine | 
Fall Time al 
tRES/REC | Reset/Recovery Time 


2.0 


—_ . . . . 

ol 
nw o|o° a 
ro) ol ao GC 


m | s 
oO1|° oO 


Nm —_ 
a on 
cal (be 
ro) 





tPD 
tPD 
pp 
ts 
tH - 
tpw 
tpw ; 
tr 
tf 
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MC10H607 


(MA) MOTOROLA 
: MC100H607 


Advance Information nia 

Registered Hex PECL/TTL seGereeEE 

Translator HEX PECL/TTL 
TRANSLATOR 


The MC10H/100H607 is a 6-bit, registered PECL to TTL translator. The device 
features differential PECL inputs for both data and clock. The TTL outputs feature 
48 mA sink, 24 mA source drive capability for driving high fanout loads or 
transmission lines. The asynchronous master reset control is an ECL level input. 

With its differential PECL inputs and TTL outputs the H607 device is ideally 
suited for the receive function of a HPPI bus type board-to-board interface 
application. The on chip registers simplify the task of synchronizing the data 
between the two boards. 

The device is available in either ECL standard: the 10H device is compatible 
with MECL 10H logic levels, with a Vcc of +5.0 volts, while the 100H device is 
compatible with 100K logic levels, with a Vcc of +5.0 volts. 





FN SUFFIX 


PLASTIC PACKAGE 
e Differential ECL Data and Clock Inputs CASE 776-02 
e 48 mA Sink, 15 mA Source TTL Outputs 
e Single Power Supply 
e Multiple Power and Ground Pins to Minimize Noise PIN NAMES 
e Specified Within-Device Skew | —— FUNCTION 
True PECL Data Inputs 
TRUTH TABLE 5 _| Inverted PECL Data Inputs 


Differential PECL Clock Input 
PECL Master Reset Input 


TTL Outputs 


PECL Vcc 
TTL Vcc 
Z = LOW to HIGH Transition TTL Ground 


PECL Ground 





LOGIC DIAGRAM _PINOUT: 28-LEAD PLCC (TOP VIEW) 


Q3 VcctT Q4 TGND Qs 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC10H607 e MC100H607 


DC CHARACTERISTICS (Vcct = VccE = 5.0 V $5%) 


Symbol Characteristic 
IEE ECL Power Supply Current 
10H _ . 
100H 


ICCL TTL Supply Current 
ICCH TTL Supply Current 


Ta=0°C | 
sot | cmon eum Poe Tw] ww | oan 
as i es: 
Be ecece cull 


| Max | [Min 
Input HIGH Current | 255 | | 145 || 48 | LA 
Input LOW Voltage 3050 3050 | 3520 3555 VoctT = 5.0V 


Ta = Ta = 25°C 
Characteristic ae Le ee pa fee 
ee ee 


ce 
Cin | wooen iret ————SSSCSC~dC*id 
rin | wputow Gwen «dT ids | fos | fost mm | 


NOTE:PECL Vj, ViH, VOL: VOH. VBB are given for VccT = VCCE = 5.0 V and will vary 1:1 with power supply. 












































10H/100H TTL DC CHARACTERISTICS (Vccrt = VEE = 5.0 V +5%) 


Ta =0°C Ta = 25°C Ta = 85°C 


sons | __cnanne a [a ToT] wt | ct 
2.0 2.0 2.0 IOH = —-24 mA 
is ae 


Poss | [oss |v [to.=4ema 


NOTE: DC levels such as Vou, VoL, etc., are standard for PECL and FAST devices, with the exceptions of: Io, = 48 mA at 0.5 VoL; 
and IQH = 24 mA at 2.0 VoH. 
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MC10H607 ¢ MC100H607 


AC CHARACTERISTICS (Vcct = Vcc = 5.0 V $5%) 


Ta =0°C Ta = + 25°C 
Characteristic | Min | Typ 
tpLH! Propagation Delay 
tPHL to Output ce toQ 
R toQ 


[Senne | 
me 










Eee Pulse Width 
CLK, M 


— NN 
ron) w w 


Minimum Input Swing 200 
ian BE 
Fall Time a 


mae are for both ++ and —— delay CLK to Qan 


= 
oO 
co) 


ye) 
(o) 





—a fa 
i | fh 


raf 
= 
D 
So 
© 
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(MA) MOTOROLA 


68030/040 
PECL/T TL Clock Driver 


The MC10H/100H640 generates the necessary clocks for 
the 68030, 68040 and similar microprocessors. It is guaran- 
teed to meet the clock specifications required by the 68030 
and 68040 in terms of part-to-part skew, within-part skew and 
also duty cycle skew. 

The user has a choice of using either TTL or PECL (refer- 
enced to +5.0 V) for the input clock. TTL clocks are typically 
used in present MPU systems. However, as clock speeds 
increase to 50 MHz and beyond, the inherent superiority of 
PECL (particularly differential PECL) as a means of clock sig- 
nal distribution becomes increasingly evident. The ’H640 also 
uses differential PECL internally to achieve its superior skew 
characteristic. 

The ’H640 includes divide-by-two and divide-by-four 
stages, both to achieve the necessary duty cycle skew and to 
generate MPU clocks as required. A typical 50 MHz processor 
application would use an input clock running at 100 MHz, thus 
obtaining output clocks at 50 MHz and 25 MHz (see Logic 
Symbol). 

The 10H version is compatible with MECL 10H ECL logic 
levels, while the 100H version is compatible with 100K levels 
(referenced to +5.0 V). 


e Generates Clocks for 68030/040 

@ Meets 030/040 Skew Requirements 

@ TTL or PECL Input Clock 

e Extra TTL and ECL Power/Ground Pins 


LOGIC SYMBOL 


TTL Outputs 





e Asynchronous Reset 
e Single +5.0 V Supply 
e Choice of ECL Compatibility: 

MECL 10H (10Hxxx) or 100K (100Hxxx) 
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MC10H640 
MC100H640 


68030/040 
PECL/TTL 
CLOCK DRIVER 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





Function 


Reset (R): LOW on RESET forces all Q outputs LOW and 
all Q outputs HIGH. 

Power-Up: The device is designed to have the POS edges 
of the +2 and +4 outputs synchronized at power up. 

Select (SEL): LOW selects the ECL input source (DE/DE). 
HIGH selects the TTL input source (DT). 

The ’H640 also contains circuitry to force a stable state of 
the PECL input differential pair, should both sides be left open. 
In this case, the DE side of the input is pulled LOW, and DE 
goes HIGH. 


PINOUT: 28-LEAD PLCC (TOP VIEW) 


GT GT Q4 Q5 





MC10H640 ¢ MC100H640 


PIN NAMES 


TTL Ground (0 V) 

TTL Vcc (+5.0 V) 

PECL Vcc (+5.0 V) 

PECL Ground (0 V) 

PECL Signal Input (positive PECL) 
VpB Reference Output 

TTL Signal Input 

Signal Outputs (TTL) 

Input Select (TTL) 

Reset (TTL) 


Symbol Characteristic 

tPLH Propagation Delay PECL | QO0-Q3 
DE/DE to Output 

tPLH Propagation Delay TTL 
DT to Output 





Within-Device Skew 
tPLH Propagation Delay PECL | Q0, Q1 
DE/DE to Output 
tPLH Propagation Delay TTL 
DT to Output 
tPLH Propagation Delay PECL | Q4, Q5 
DE/DE to Output 
tPLH Propagation Delay TTL 
DT to Output 
tpp Propagation Delay All 
R to Output Outputs 
tr Output Rise/Fall Time All 
tF 0.8V-2.0V Outputs 
Maximum Input Frequency 
tow 
trr 


| tow | _Minimum Pulse Width 
eee Reset Recovery Time 


* Within-Device Skew defined as identical transitions on similar paths through a device. 





Vcc and CLoap Ranges to Meet Duty Cycle Requirement: 0°C < Ta < 85°C Output Duty cycle measured relative to 1.5 V 


Range of Vcc and C,_ to meet minimum pulse width 1 Voc 4.75 5.0 5.25 V Q0-Q3° 
(HIGH or LOW) = 11.5 ns at foyt < 40 MHz CL 10 50 pF Q0-Q1 
Range of Vcc and C,_ to meet minimum pulse width Voc | 4.875 5.0 5.125 V Q0-Q3 
(HIGH or LOW) = 9.5 ns at 40 MHz < foyt < 50 MHz CL 15 7 pF 
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MC10H640 ¢e MC100H640 


DC CHARACTERISTICS: VT = VE = 5.0 V+5% 


, . . : ‘ | 
sol aces Pepe Pete cntnon_| 


Sac Ss a 


TTL DC CHARACTERISTICS: VT = VE = 5.0 V+5% 



















Re I BR 
VIH Input HIGH Voliage 2.0 
Input LOW Voltage 
Input HIGH Current 20 
100 
Input LOW Current eo 
2.5 2:5 
2.0 2.0 
5 


Output HIGH Voltage 


Output LOW Voltage a 0. 
input Clamp Voltage Fea 
Output Short Circuit Current 


10H rae DC CHARACTERISTICS: VT = VE =5. a V 45% 


NH Input HIGH Current 175 LA 
Input LOW Current 
VIH* Input HIGH Voltage — 3.83 4.16 3.87 4.19 3.94 4.28 VE=5.0V 
—— Input LOW Voltage 3.05 3.52 3.05 3.52 a 05 a 555 


Output Reference Voltage 3. | 3.69. | 3. | 3.81 | 


ee PECL levels are referenced to Vcc and will vary 1:1 with the power an The values shown are for Lv = 5.0 L —_— 





= 
- 


Tt 





100H PECL DC CHARACTERISTICS: VT = VE = 5.0 V +5% 


Symbol Characteristic 


ltH Input HIGH Current 
Nie Input LOW Current ‘0.5 0.5 


ViIH™ Input HIGH Voltage 3.835 4.12 3.835 4.12 3.835 4.12 VE =5.0V 
ee Input LOW Voltage 3.19 3.525 3.19 3.525 3.19 3.525 


ee PECL levels are referenced to Vcc and will vary 1:1 with the power Sia The values shown are for Lv = 5.0 V. 
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MC10H640 ¢ MC100H640 


DUTY CYCLE CONTROL 


To maintain a duty cycle of +5% at 50 MHz, limit the load capacitance and/or power supply variation as shown in Figures 1 and 2. 
Fora+2.5% duty cycle limit, see Figures 3 and 4. Figures 5 and 6 show duty cycle variation with temperature. Figure 7 shows typical 
TPD versus load. Figure 8 shows reset recovery time. Figure 9 shows output states after power up. 

Best duty cycle control is obtained with a single uP load and minimum line length. 








= 
ee 
Q 
= 

2 a 

— —l 

= a 
LU 
> 
te 
io) 
Lu 
= 

0 25 50 75 85 
LOAD (pF) 
Figure 1. Positive Pulse Width at 
25°C Ambient and 50 MHz Out 

2 2 

i id — 

a a 

= = 

us e 

z 2 

B os 

2 a 

LOAD (pF) 
Figure 3. Positive Pulse Width at 
25°C Ambient at 50 MHz Out 

z @ 

— —_ 

3 = 

= = 

y 2 

a a 

s s 

= E 

B & 

& 2 





TEMPERATURE (°C) 


Figure 5. Temperature versus Positive Pulse Width 
for MC100H640 at 50 MHz and +5.0 V Vcc 
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LOAD (pF) 


Figure 2. Negative Pulse Width @ 50 MHz 
Out and 25°C Ambient 





LOAD (pF) 
Figure 4. Negative Pulse Width @ 50 MHz 
Out and 25°C Ambient 





TEMPERATURE (°C) 


Figure 6. Temperature versus Negative Pulse Width 
for MC100H640 @ 50 MHz and +5.0 V Vcc 








MC10H640 e MC100H640 


TPp,4 (ns) 





CLOAD (PF) 


Figure 7. TP versus Load Typical at Ta = 25°C 


DT 


RESET, R 


Rtow | 
Q0, Q1, 2, Q3 | 





tN ee 
| 
| | 
| 

Q4,Q5 eee eee cee Oh ce RL: creer, Lee 


Figure 8. MC10H/100H640 Clock Phase and 
Reset Recovery Time After Reset Pulse 





~ 04805 


AFTER POWER UP 

OUTPUTS Q4 & Qs WILL SYN WITH POSITIVE 
EDGES OF Din & Qo — Qg & NEGATIVE 
EDGES OF Qo & Q; 


Figure 9. 
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(AA) MOTOROLA 


Single Supply PECL/TTL 
1:9 Clock Distribution Chip 


The MC10H/100H641 is a single supply, low skew translating 1:9 clock 
driver. Devices in the Motorola H600 translator series utilize the 28-lead PLCC 
for optimal power pinning, signal flow through and electrical performance. 

The device features a 24 mA TTL output stage, with AC performance 
specified into a 50 pF load capacitance. A latch is provided on-chip. When LEN 
is LOW (or left open, in which case it is pulled LOW by the internal pulldown) the 
latch is transparent. A HIGH on the enable pin (EN) forces all outputs LOW. 
Both the LEN and EN pins are positive PECL inputs. 

The Vpp output is provided in case the user wants to drive the device with a 
single-ended input. For single-ended use the Vpp should be connected to the D 
input and bypassed with a 0.01 wF capacitor. 

The 10H version of the H641 is compatible with positive MECL 10H logic 
levels. The 100H version is compatible with positive 100K levels. 
PECL-TTL Version of Popular ECLinPS E111 
Low Skew 
Guaranteed Skew Spec 
Latched Input 
Differential PECL Internal Design 
VBB Output for Single-Ended Use 
Single +5 V Supply 
Logic Enable 
Extra Power and Ground Supplies 
Separate PECL and TTL Supply Pins 
Choice of PECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 


LOGIC DIAGRAM 


TTL Outputs 
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MC10HG641 
MC100HG641 


SINGLE SUPPLY 
PECL/TTL 1:9 CLOCK 
DISTRIBUTION CHIP 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





PIN NAMES 


| pin | FUNCTION 


TTL GND, TTL Vcc 

PECL GND, PECL Vcc 

Signal Input (Positive PECL) 

VBB Reference Output (Positive PECL) 
Signal Outputs (TTL) 

Enable Input (Positive PECL) 

Latch Enable Input (Positive PECL) 





Pinout: 28-Lead PLCC (Top View) 
GT Q6 VT Q7 VT Q8 GT 


25 24 23 22 21 


GT Q2 VT Qi VT QO GT 





MC10H641 « MC100H641 


DC CHARACTERISTICS (VT = VE = 5.0 V +5%) 


Symbol Characteristic 


Power Supply Current 
PECL 
ICCL | 


Se 
t| tame er ee ee 
von | Oupatnicrvotege if as | fas | | as 
von | Ouputowvorage | fos | fos | _ 
ios | Output Snen crak Gurant | ~100| ~aas | 100 | -a08 | ~100 


10H PECL DC CHARACTERISTICS 


Characteristic 


| orc | ec 
in [inparicn cures Ties |i 8 
VI 

















pang 


—225 


[_Max | 
ae 
| =225 | 








VE =5.0 v1 


VE =5.0V1 
VE =5.0V1 


Ewe 
at | tn 
is ae 
<a 
aca 
iis 


, 


Pinpararcrverase | sa | are | ser | aie | oe | az0 


[ouput Reference Votage | ae | ave | aes | are | aco 


100H PECL DC CHARACTERISTICS 


ie hi ae 
PineaniGH Gwe «tip me |e | (| 
ead 
















ca 
2 
oe ee oe 


1 PECL Vio: ViL, and Vpp are referenced to VE and will vary 1:1 with the power supply. The levels shown are for VE = 5.0 V. 


V 
V 
V 
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MC10H641 e MC100H641 


AC CHARACTERISTICS (VT = VE = 5.0 V 5%) 












tskew Device Skew 
Part-to-Part 





—_ ~“ 
On oO 


Output-to-Output 


tPLH Propagation Delay 4.9 
tPHL LEN to Q 


tPLH Propagation Delay 5.0 

tPHL EN toQ 

tr Output Rise/Fall : 
tf 0.8 V to2.0V : 


fMAX Max Input Frequency 


ris | Seuptine favs | om0 | 
in [waa tine 075 [00 


-| 


fc 
characteristic [win | tye [wax | win [Typ [ox | win | Tyo | wx 


tPLH Propagation Delay 5.00 | 5.50 | 6.00 | 4.86 | 5.36 
tPHL DtoQ 5.36 | 5.86 | 6.36 | 5.27 | 5.77 


CT lel | lal Tae 
0.5 0.5 Cy = 50 pF3 
bl al a 
o | 49 “1 69 | 50 7.0 Cl = 50 pF 
in 
1.6 1.6 
ee ee Ee ee ee 
sf _| fest | 
[om | [ors [oso | 
f= a io 


[ors 
Pos 












1 Propagation delay measurement guaranteed for junction temperatures. Measurements performed at 50 MHz input frequency. 

2 Skew window guaranteed for a single temperature across a Vcc = VT = VE of 4.75 V to 5.25 V (See Application Note in this data sheet). 
3 Output-to-output skew is specified for identical transitions through the device. 

4 Frequency at which output levels will meet a 0.8 V to 2.0 V minimum swing. 


Determining Skew for a Specific Application 


The H641 has been designed to meet the needs of very low 
skew clock distribution applications. In order to optimize the 
device for this application special considerations are 
necessary in the determining of the part-to-part skew 
specification limits. Older standard logic devices are specified 
with relatively slack limits so that the device can be 
guaranteed over a wide range of potential environmental 
conditions. This range of conditions represented all of the 
potential applications in which the device could be used. The 
result was a specification limit that in the vast majority of cases 
was extremely conservative and thus did not allow for an 
optimum system design. For non-critical skew designs this 
practice is acceptable, however as the clock speeds of 


systems increase overly conservative specification limits can 
kill a design. 

The following will discuss how users can use the 
information provided in this data sheet to tailor a part-io-part 
skew specification limit to their application. The skew 
determination process may appear somewhat tedious and 
time consuming, however if the utmost in performance is 
required this procedure is necessary. For applications which 
do not require this level of skew performance a generic 
part-to-part skew limit of 2.5 ns can be used. This limit is good 
for the entire ambient temperature range, the guaranteed VCC 
(VT, VE) range andthe guaranteed operating frequency range. 
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Temperature Dependence ee 
A unique characteristic of the H641 data sheet is that the 


AC parameters are specified for a junction temperature rather; 


than the usual ambient temperature. Because. very few 
designs will actually utilize the entire commercial temperature 
range of a device a tighter propagation delay window can be 
established given the smaller temperature range. Because 
the junction temperature and not the ambient temperature is 
what affects the performance of the device the parameter 
limits are specified for junction temperature. In addition the 
relationship between the ambient and junction temperature 
will vary depending on the frequency, load and board 
environment of the application. Since these factors are all 
under the control of the user it is impossible io provide 
specification limits for every possible application. Therefore a 


baseline specification was established for specific junction | 


temperatures and the information that follows will allow these 
to be tailored to specific applications. 

Since the junction temperature of a device is difficult to 
measure directly, the first requirement is to be able to 
“translate” from ambient to junction temperatures. The 
standard method of doing this is to use the power dissipation 
of the device and the thermal resistance of the package. For 
a TTL output device the power dissipation will be a function of 
the load capacitance and the frequency of the output. The total 
power dissipation of a device can be described by the 
following equation: 


Pp (watts) = Icc (no load) * Voc + 
Vs* Voc *f* CL * # Outputs 


where: 
Vs= Output Voltage Swing = 3 V 
f = Outout Frequency 
Ci. = Load Capacitance 


loc = !EE + ICCH 
Figure 1 plots the Icc versus Frequency of the H641 with 
no load capacitance on the output. Using this graph and the 


information specific to the application a user can determine 
the power dissipation of the H641. 
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Figure 1. icc versus f (No Load) 


Figure 2 illustrates the thermal resistance (in °C/W) for the: 
28-lead PLCC under various air flow conditions. By reading 
the: thermal resistance from the graph and multiplying by the 
power dissipation calculated above the junction temperature 
increase above ambient of the device can be calculated. © 
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Figure 2. @ja versus Air Flow 


Finally taking this value for junction temperature and 
applying it to Figure 3 allows the user to determine the 
propagation delay for the device in question. A more common 
use would be to establish an ambient temperature range for 
the H641’s in the system and utilize the above methodology 
to determine the potential increased skew of the distribution 
network. Note that for this information if the Tpp versus 
Temperature curve were linear the calculations would not be 
required. If the curve were linear over all temperatures a 
simple temperature coefficient could be provided. 
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Figure 3. Tpp versus Junction Temperature 
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Vcc Dependence 

TTL and CMOS devices show a significant propagation 
delay dependence with Vcc. Therefore the Vcc variationina 
system will have a direct impact on the total skew of the clock 
distribution network. When calculating the skew between two 
devices on a single board it is very likely an assumption of 
identical VCc’s can be made. In this case the number provided 
in the data sheet for part-to-part skew would be overly 
conservative. By using Figure 4 the skew given in the data 
sheet can be reduced to represent a smaller or zero variation 
in Vcc. The delay variation due to the specified Vcc variation 
is ~270 ps. Therefore, the 1ns window on the data sheet can 
be reduced by 270 ps if the devices in question wili aiways 
experience the same Vcc. The distribution of the propagation 
delay ranges given in the data sheet is actually a composite 
of three distributions whose means are separated by the fixed 
difference in propagation delay at the typical, minimum and 
maximum Vcc. 














A Tpp (Ps) 














4.75 4.85 4.95 5.05 5.15 5.25 
VCC (V) 


Figure 4. ATpp versus Vcc 


Capacitive Load Dependence 

As with Vcc the propagation delay of a TTL output is 
intimately tied to variation in the load capacitance. The skew 
specifications given in the data sheet, of course, assume 
equal loading on all of the outputs. However situations could 
arise where this is an impossibility and it may be necessary to 
estimate the skew added by asymmetric loading. In addition 
the propagation delay numbers are provided only for 50 pF 
loads, thus necessitating a method of determining the 
propagation delay for alternative loads. 

Figure 5 shows the relationship between the two 
propagation delays with respect to the capacitive load on the 
output. Utilizing this graph and the 50 pF limits the 
specification of the H641 can be mapped into a spec for either 
a different value load or asymmetric loads. 
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Figure 5. Tpp versus Load 


Rise/Fall Skew Determination 

The rise-to-fall skew is defined as simply the difference 
between the Tp_H and the TPH, propagation delays. This 
skew for the H641 is dependent on the Vcc applied to the 
device. Notice from Figure 4 the opposite relationship of Tpp 
versus VCc between Tp_H and Tp. Because of this the 
rise-to-fall skew will vary depending on Vcc. Since in all 
likelihood it will be impossible to establish the exact value for 
Vcc, the expected variation range for Vcc should be used. If 
this variation will be the +5% shown in the data sheet the 
rise-to-fall skew could be established by simply subtracting 
the fastest Tp_H from the slowest Tpy ; this exercise yields 
1.41 ns. Ifa tighter Vcc.range can be realized Figure 4 can be 
used to establish the rise-to-fall skew. 


Specification Limit Determination Example 

The situation pictured in Figure 6 will be analyzed as an 
example. The central clock is distributed to two different cards; 
on one card a single H641 is used to distribute the clock while 
on the second card two H641’s are required to supply the 
needed clocks. The data sheet as well as the graphical 
information of this section will be used to calculate the skew 
between H641a and H641b as well as the skew between all 
three of the devices. Only the Tpi_p willbe analyzed, the TPHL 
numbers can be found using the same technique. The 
following assumptions will be used: 


— All outputs will be loaded with 50 pF 

— All outputs will toggle at 30 MHz 

— The Vcc variation between the two boards is 8% 

— The temperature variation between the three 
devices is +15°C around an ambient of 45°C. 

— 500LFPM air fiow 


The first task is to calculate the junction temperature for the 
devices under these conditions. Using the power equation 
yields: 


Pp 


Icc (no load) * Vcc + 

Voc * Vs * f* Cy * # outputs 

1.8* 48 mA*5V+5V%*3 V* 30 MHz * 
50 pF *9 

432 mW + 203 mW = 635 mW 
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Using the thermal resistance graph of Figure 2 yields a 
thermal resistance of 41°C/W which yields a junction 
temperature of 71°C with a range of 56°C to 86°C. Using the 
Tpp versus Temperature curve of Figure 3 yields a 
propagation delay of 5.42 ns and a variation of 0.19 ns. _ 

Since the design will not experience the full +5% VCC 
variation of the data sheet the ins window provided will be 
unnecessarily conservative. Using the curve of Figure 4 
shows a delay variation due to a +8% Vcc variation of 
+0.075 ns. Therefore the 1ns window can be reduced to 
1ns — (0.27 ns — 0.15 ns) = 0.88 ns. Since H641a and H641b 
are on the same board we will assume that they will always be 
at the same Vcc; therefore the propagation delay window will 
only be 1ns — 0.27 ns = 0.73 ns. 

Putting all of this information together leads to a skew 
between all devices of 


0.19 ns + 0.88 ns 
(temperature + supply, and inherent device), 


while the skew between devices A and B will be only 


0.19 ns + 0.73 ns 
(temperature + inherent device only). 


In both cases, the propagation delays will be centered 
around 5.42ns, resulting in the following tpy_H windows: 


~ TPLH = 4.92 ns-5.99 ns; 1.07 ns window 
(all devices) 
TPLH = 5.00 ns - 5.92 ns; 0.92 ns window 
(devices a & b) 


Of course the output-to-output skew will be as shown in the 
data sheet since all outputs are equally loaded. 

This process may seem cumbersome, however the delay 
windows, and thus skew, obtained are significantly better than 
the conservative worst case limits provided at the beginning 


of this note. For very high performance designs, this extra 
information and effort can mean the difference between going 
ahead with prototypes or spending valuable engineering time 
Searching for alternative approaches. 


z 
5 
a. 
S 
a 





Figure 6. Example Application 
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Advance Information 


68030/040 
PECL/TTL Clock Driver 


The MC10H/100H642 generates the necessary clocks for 
the 68030, 68040 and similar microprocessors. It is 
guaranteed to meet the clock specifications required by the 
68030 and 68040 in terms of part-to-part skew, within-part 
skew and also duty cycle skew. 

The user has a choice of using either TTL or PECL 
(referenced to +5.0 V) for the input clock. TTL clocks are 
typically used in present MPU systems. However, as clock 
speeds increase to 50 MHz and beyond, the inherent 
superiority of PECL (particularly differential PECL) as a 
means of clock signal distribution becomes increasingly 
evident. The H642 also uses differential PECL internally to 
achieve its superior skew characteristic. 

The H642 includes divide-by-two and divide-by-four stages, 
both to achieve the necessary duty cycle skew and to 
generate MPU clocks as required. A typical 50 MHz processor 
application would use an input clock running at 100 MHz, thus 


obtaining output clocks at 50 MHz and 25 MHz (see Logic. 


Diagram). 
The 10H version is compatible with MECL 10H ECL logic 

levels, while the 100H version is compatible with 100K levels 

(referenced to +5.0 V). 

e Generates Clocks for 68030/040 

e Meets 030/040 Skew Requirements 

e TTL or PECL Input Clock 

e Extra TTL and ECL Power/Ground Pins 


Logic Diagram 


TTL Outputs 


TTL/PECL Clock Inputs 


e Asynchronous Reset 
e Single +5.0 V Supply 
e Choice of PECL Compatibility: 
MECL 10H (10Hxxx) or 100K (100Hxxx) 





MC10H642 
MC100H642 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





Function: 


Reset(R): LOW on RESET forces all Q outputs LOW. 
Select(SEL): LOW selects the ECL input source (DE/DE). 
| HIGH selects the TTL input source (DT). 

The H642 also contains circuitry to force a stable input state 
of the PECL differential input pair, should both sides be left 
open. In this case, the D side of the input is pulled LOW, and 
D goes HIGH. » 

Power Up: _ The device is designed to have positive edges 
of the +2 and +4 outputs synchronized at Power Up. 


Pinout Assignment — 28 Lead PLCC (Top View) 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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[oescrpion ————*dzrL nS 
VE 


Signal Output (TTL)** 15 PECL Vcc (+5.0 V) 








[rin | Symbot 
Q3 





, 
2 TTL Vcc (+5.0 V) PECL Signal Input (Non-Inverting) 
3 TTL Vcc (+5.0 V) DE PECL Signal Input (Inverting) 
4 Signal Output (TTL)** Vpp Reference Output 
5 Signal Output (TTL)** TTL Voc (+5.0 V) 
6 TTL Ground (0 V) Signal Output (TTL)* 
re TTL Ground (0 V) TTL Ground (0 V) 
8 Signal Output (TTL)** TTL Ground (0 V) 
9 Signal Output (TTL)** Signal Output (TTL)* 
TTL Voc (+5.0 V) TTL Voc (+5.0 V) 
Input Select (TTL) TTL Voc (+5.0 V) 
TTL Signal Input Signal Output (TTL)** 
PECL Ground (0 V) TTL Ground (0 V) 
Reset (TTL) TTL Ground (0 V) 
*Divide by 2 
“Divide by 4 


AC CHARACTERISTICS: VT = VE = 5.0 V +5% 


































Test Ta = 90°C Ta = 25°C Ta = 85°C co 
tPLH Propagation Delay 
D to Output 5.0 6.0 5.0 6.0 5.4 6.4 
5.2 6.2 5.1 6.1 5.5 6.5 
tPLH Propagation Delay Qo, Q1 | Cy = 25 pF | 
D to Output DE/DE 5.0 6.0 5.0 6.0 5.4 6.4 
DT 5.1 |] 6.1 5.1 6.1 5.5 6.5 . 
tskpp Part-to-Part Skew All 1.0 1.0 1.0 Ci = 25 pF 
Outputs 
tpp Propagation Delay All 4.3 6.3 4.3 6.3 5.0 7.0 Cy = 25 pF 
R to Output Outputs | 
tR Output Rise/Fall Time All 0.5 2.5 0.5 2.5 0.5 2.5 ns CL = 25 pF 
tF 0.8Vto2.0V Outputs 2.5 2.5 2.5 









* Within-Device Skew defined as identical transactions on similar paths through a device. 
** NOTE: MAX Frequency is 135 MHz. 


10H PECL CHARACTERISTICS: VT = VE = 5.0 V 45% 


li Input HIGH Current 225 175 175 
fos | fos | 
* NOTE i | 
VIL Input LOW Voltage 3.52 3.05 3.52 3.05 3.555 
*NOTE 
ad 


“NOTE: PECL LEVELS are referenced to Vcc and will vary 1:1 with the power supply. The VALUES shown are for Vcc = 5.0 V. 





Unit 
A 









LL 
V 
V 





2-134 


MC10H642 ¢e MC100H642 


100H PECL CHARACTERISTICS: VT = VE = 5.0 V +5% 


Ta =0°C Ta = 25°C Ta = 85°C 
Input HIGH Current 225 75 175 A 
Input LOW Current 0.5 0.5 0.5 
V 












Test 
Symbol 














<< =— 


* NOTE 
input LOW Votage “= a 
Input LOW Voltage 3.190 | 3.525 | 3.190 | 3.525 | 3.190 | 3.525 

* NOTE | | | 


“NOTE: PECL LEVELS are referenced to Vcc and will vary 1:1 with the power supply. The VALUES shown are for Voc = 5.0 V. 








10H/100H DC CHARACTERISTICS: VT = VE = 5.0 V +5% 


Test ia 
Symbol 


IOCH Total All VT Pins 
ICCL 


10H/100H TTL DC CHARACTERISTICS: VT = VE =5.0 V+5% 
Test 


Ta = 0°C Ta = 25°C 
Symbol Characteristic | Max | Min 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 


Pain 
opattow Gare 
ra 











Input HIGH Current 


Output HIGH Voltage 


2.0 2.0 
2.5 2.5 
2.0 2.0 
[input Glampvotage sd Sid te | id 


n fesaee’! 
VoL sd 
VIK 
los 
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Duty Cycle Control 


To maintain a duty cycle of +5% at 50 MHz, limit the load capacitance and/or power supply variation as shown in Figures 1 and 2. 
Fora+2.5% duty cycle limit, see Figures 3 and 4. Figures 5 and 6 show duty cycle variation with temperature. Figure 7 shows typical 
TPD versus load. Figure 8 shows reset recovery time. Figure 9 shows output states after power up. 

Best duty cycle control is obtained with a single uP load and minimum line length. 
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Figure 7. MC10H642 + Tpd versus Load, Vcc +5%, Ta = 25°C 
(Overshoot at 50 MHz with no load makes graph non linear) 





DT 


RESET.R + R 


MC10/100H642 


Figure 8. Clock Phase and Reset Recovery Time After Reset Pulse 


MC10/100H642 


After Power Up 
Figure 9. Outputs Q2—> Q7 will Synchronize with Pos Edges of Djn & Q0—> Q1 
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SWITCHING CIRCUIT AND WAVEFORMS 


Switching Circuit PECL: 


PECL 


USE 0.1 FF CAPACITORS 
FOR DECOUPLING. 


VEE Voc &Vcco 


TTL 









iH 


| +7V OPEN | 






















50 COAX 
GENERAT OR GNDER OUT ALL 
TEST 450 Q OTHERS 
tPZL tPLZ Rt 
x oc 500 Q 
+e) 
Q DEVICE 
|= UNDER 
T 
TES no 
USE OSCILLOSCOPE 500 Q 
INTERNAL 50 Q LOAD 
FOR TERMINATION. _ 
OSCILLOSCOPE 
WAVEFORMS: Rise and Fall Times Propagation Delay — Single Ended 
PECL/TTL PECL/TTL 







50%/1.5 V 
Vin 












80%/2.0 V 


Vout 20%/0.8 V 






Tpd++ 


50%/1.5 V 


Trise Tfall 





Vout 


2-138 


(AA) MOTOROLA 


Dual Supply 
ECL/TTL 1:8 Clock Driver 


The MC10H/100H643 is a dual supply, low skew translating 
1:8 clock driver. Devices in the Motorola H600 translator 
series utilize the 28-liead PLCC for optimal power pinning, 
signal flow through and electrical performance. The 
dual-supply H643 is similar to the H641, which is a 
single-supply 1:9 version of the same function. 

The device features a 48 mA TTL output stage, with AC per- 
formance specified into a 50 pF load capacitance. A Latch is 
provided on-chip. When LEN is LOW (or left open, in which 
case it is pulled LOW by the internal pulldowns) the latch is 
transparent. A HIGH on the enable pin (EN) forces all outputs 
LOW. 

The 10H version is compatible with MECL 10H ECL logic 
levels. The 100H version is compatible with 100K levels. 


ECL — TTL version of popular ECLinPS E111 
Low Skew Within Device 0.5 ns 
Guaranteed Skew Spec Part-to-Part 1.0 ns 
Latch 

Differential Internal Design 

VBB Output 

Dual Supply 

Reset/Enable 

Multiple TTL and ECL Power/Ground Pins 
Choice of ECL Compatibility: 

MECL 10H (10Hxxx) or 100K (100Hxxx) 


LOGIC SYMBOL 


ECL INPUT 





PIN NAMES 


MC10H643 
MC100H643 


DUAL SUPPLY 
ECL/TTL 1:8 
CLOCK DRIVER 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





TTL Output Ground (0 V) 
TTL Output Voc (+5.0 V) 
internal TTL GND (0 V) 
Internal TTL Vcc (+5.0 V) 
ECL Veg (-5.2/-4.5 V) 
ECL Ground (0 V) 

Signal Input (ECL) 

Ves Reference Output 
Signal Outputs (TTL) 
Enable Input (ECL) 

Latch Enable Input (ECL) 





PINOUT: 28-LEAD PLCC (TOP VIEW) 
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DC CHARACTERISTICS: IVT = OVT = 5.0 V 5%; Veg =—5.2 V 5% (10H Version); Veg = —4.5 V +0.3 V-(100H Version) E | 


Symbol Characteristic cea 


VEE Pins . iP 
ICCL 
ICCH 


Symbol Characteristic | Min | Max | 


tPLH Propagation Delay to Output 
D 4.0 5.0 
LEN 3.5 5.5 
EN 3.5 5.5 


tsKPP Part-to-Part Skew = 
tskEw | Within-Device Skew | — | 


Pulse Width Out 
HIGH or LOW 
~ @ fout = 50 MHz . 
ts Setup Time 
D 
Hold Time 
D 


th 
tar Recovery Time 
LEN 
EN 
tow Minimum Pulse Width 
LEN 
- EN 
tr 
tf 


1. Within-Device skew defined as identical transitions on similar paths through a device. 
2. Pulse width is defined relative to 1.5 V measurement points on the output waveform. 





















Total all OVT: 
and IVT pins 






CL = 50 pF 

































TRUTH TABLE 
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TTL CHARACTERISTICS: IVT = OVT = 5.0 V +5%; “ec = —5.2 V +5% (10H Version); =a =—4.5 V 0.3 V (100H Version) 





= IOH = —3.0 mA 
Output HIGH Voltage 2.0 IOH =~-15 MA 
a Output LOW Voltage | — | 0 Sac IOH = 48 mA 
} 10S Output Short Circuit Current | mA | VouT =0V 


10H ECL CHARACTERISTICS: IVT = OVT = 5.0 V 5%; wath =-5.2V+5% a aes Mee = —4.5 V +0.3 V (100H Version) 


NH Input HIGH Current 175 175 
Ne Input LOW Current 0.5 0.5 
VIH Input HIGH Voltage —1170 | -—840 ; -1130 | —810 | -1060 | —720 
VIL Input LOW Voltage er 950 | -—1480 | -1950 | -—1480 | -1950 | -1445 
| Vep __| Output Reference Voltage | -1380 | -1270 | -1350 | -1250 | -1310 | -1190 —+—— 


100H ECL CHARACTERISTICS: IVT = OVT = 5.0 V +5%; le =-5.2V+5% a Version); VEE = —4.5 V £0.3 V (100H Version) 


iH “Input HIGH Current 

Ne Input LOW Current 0.5 0.5 
—1165 | —880 
—1810 | —1475 


VIH Input HIGH Voltage —-1165 | —880 1165 
| Vep __| Output Reference Voltage -1380 | -1260 | -1380 | -1260 | 1380 | -1260 




















VIL Input LOW Voltage -—1810 ; -1475 | -1810 
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68030/040 
PECL/TTL Clock Driver 


The MC10H/100H644 generates the necessary clocks for the 68030, 68040 
and similar microprocessors. The device is functionally equivalent to the H640, 
but with fewer outputs in a smaller outline 20-lead PLCC package. It is 
guaranteed to meet the clock specifications required by the 68030 and 68040 in 
terms of part-to-part skew, within-part skew and also duty cycle skew. 

The user has a choice of using either TTL or PECL (PECL referenced to 
+5.0 V) for the input clock. TTL clocks are typically used in present MPU 
systems. However, as clock speeds increase to 50 MHz and beyond, the 
inherent superiority of PECL (particularly differential PECL) as a means of clock 
signal distribution becomes increasingly evident. The H644 also uses differential 
PECL internally to achieve its superior skew characieristic. 

The H644 includes divide-by-two and divide-by-four stages, both to achieve 
the necessary duty cycle and skew to generate MPU clocks as required. A typical 
50 MHz processor application would use an input clock running at 100 MHz, thus 
obtaining output clocks at 50 MHz and 25 MHz (see Logic Symbol). 

The 10H version is compatible with MECL 10H ECL logic levels, while the 
100H version is compatible with 100K levels (referenced to +5.0 V). 


Function 


Reset (R): LOW on RESET forces all Q outputs LOW and all Q 
outputs HIGH. 
Synchronized Outputs: The device is designed to have the POS 
edges of the +2 and +4 outputs synchronized. 
Select (SEL): LOW selects the PECL input source (DE/DE). HIGH 
selects the TTL input source (DT). 

The H644 also contains circuitry to force a stable state of the 
PECL input differential pair, should both sides be left open. In this 
case, the DE side of the input is pulled LOW, and DE goes HIGH. 


e Generates Clocks for 68030/040 

e Meets 68030/040 Skew Requirements 

e TTL or PECL Input Clock 

e Extra TTL and PECL Fower/Ground Pins 

e Within Device Skew on Similar Paths is 0.5 ns 
e Asynchronous Reset 

e Single +5.0 V Supply 


e Choice of PECL Compatibility: MECL 10H (10Hxxx) 
or 100K (100Hxxx) 
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MC10H644 


MC100H644 





68030/040 — 
PECL/TTL 
CLOCK DRIVER 









_ FN SUFFIX 
PLASTIC PACKAGE 
CASE 775 


LOGIC SYMBOL 
TTL OUTPUTS 
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PIN NAMES 


PIN | FUNCTION PINOUT: 20-LEAD PLCC (TOP VIEW) 


TTL Ground (0 V) 

TTL Voc (+5.0 V) 

PECL Vcc (+5.0 V) 

PECL Ground (0 V) 

PECL Signal Input (positive ECL) 
VB Reference Output 

TTL Signal Input 

Signal Outputs (TTL) 

Input Select (TTL) 

Reset (TTL) 





AC CHARACTERISTICS: VT = VE = 5.0 V +5% 









Symbol Characteristic Condition 


Propagation Delay PECL Ci = 50 pF 


D to Output 


tPLH All Outputs 





on 
ror) 
oO 
Ni 
aa 
N 
hs 
— 


Oo 
or 
Oo 
oi 


177) 


tPLH Propagation Delay TTL 
D to Output 


L = 50 pF 






Propagation Delay 
PECL/TTL D to Output 


tPLH/ L = 50 pF 


& oO ¢ 
ho N 

N oO 

io N 

> o1 

A ( ¢ 
B N 

N oO 

io 

fo) N 

als 

N 

ra) 

- N 

NJ 

a ron) 


L = 50 pF 
L = 50 pF 
L = 50 pF 


L = 50 pF 
Cy. = 50 pF 


Q0, 1, 4,5 
aa 
R to Output 
0.8V-2.0V 
TW | Minimum Pulse Width Reset p15 | — f 15 | 
Pulse Width Out High or Qo, 1 10.5 


4.3 
-0.5 Ss L=50pF 


= 
rep) 
© 
(Sy) 
= 
rep) 
o 
oa 
— 
oO) 
=) 
E 


Hz 


2) 
rn 
i 
on 
o 
so | 
n 


= 
w 
oO 
a4 
[o%) 
o1 
= 






Low @ fjn = 100 MHz 
and Cy. = 50 pF 


Relative 1.5 V 





4 rr = _ 
o U 71D a 
= = 


rh I © = 
° oO oO or 
—s 
-) 
on 


T Setup Time 
SEL to DE, DT 2 2.0 2.0 
TH Hold Time 
SEL to DE, DT 2.0 2.0 
* Skews are specified for Identical Edges 
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MC10H644 e MC100H644 


DC CHARACTERISTICS: VT = VE = 5.0 V +5% 


oma | cet 
flee | 


Power Supply Current 


VIH Input HIGH Voltage 
VIL Input LOW Voltage 
Input HIGH Current 


Input LOW Current | 

Output HIGH Voltage 2.5 
2.0 . 

Output LOW Voltage be = loL = 24 mA 

aes 


Input Clamp Voltage }-12 | vi lin =~-18 mA 
10H PECL DC CHARACTERISTICS: VT = VE = 5.0 V +5% 


ee Characteristic arma are ak) dace: | 
NH Input HIGH Current 225 175 175 yA 

iL Input LOW Current 

VIH* Input HIGH Voltage 4.16 3.87 4.19 3.94 4.28 V VE =5.0V 

Vit* Input LOW Voltage 3.52 | 3.05 | 352 | 3.05 | 3.55 


100H PECL DC CHARACTERISTICS: VT = VE = 5.0 V+5% 


NH Input HIGH Current 175 175 LA 

Nie Input LOW Current 0.5 

Vi" Input HIGH Voltage 3.835 3.835 4.12 3.835 V VE =5.0V 
ViL* Input LOW Voltage 3.19 3.19 3.525 3.19 


* NOTE: ECL levels are referenced to Vcc and will vary 1:1 with the power supply. The values shown are for Vcc = 5.0 V. 
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(AA) MOTOROLA MC10H645 


Advance Information 
1:9 TTL Clock Driver anes 


The MC10H645 is a single supply, low skew, TTL I/O 1:9 Clock Driver. Devices 
in the Motorola H600 ciock driver famiiy utilize the 28-lead PLCC for optimal 
power and signal pin placement. 

The device features a 24 mA TTL output stage with AC performance specified 
into a 50 pF load capacitance. A 2:1 input mux is provided on chip to allow for 
distributing both system and diagnostic clock signals or designing clock 
redundancy into a system. With the SEL input held LOW the DO input will be 
selected, while the D1 input is selected when the SEL input is forced HIGH. 


®@ Low Skew Typically 0.65 ns Within Device 





FN SUFFIX 
® Guaranteed Skew Spec 1.25 ns Part-to-Part PLASTIC PACKAGE 
® Input Clock Muxing CASE 776 
© Differential ECL Internal Design PIN NAMES 
@ Single Supply 


@ Extra TTL and ECL Power/Ground Pins TTL Ground (0 V) 
TTL Vcc (+5.0 V) 
ECL Vcc (+5.0 V) 
ECL Ground (0 V) 
TTL Signal Input 
TTL Signal Outputs 
TTL Mux Select 


LOGIC SYMBOL 





TTL Outputs 


GT Q6 VI Q7 VT Q8 GT 





TTL Inputs Q0 
Qi 


Q2 


a3 
a4 
Q5 
Q6 


Q7 





Q8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


2-145 


MC10H645 


PIN DESCRIPTIONS | 


Q4 


1 ECL Voc (+5.0 V) 
Signal Input (TTL) 
Signal Input (TTL) 
No Connection 

TTL Ground (0 V) 
Signal Output (TTL) 
TTL Voc (+5.0 V) 
Signal Output (TTL) 
TTL Vcc (+5.0 V) 
Signal Output (TTL) 
TTL Ground (0 V) 
TTL Ground (0 V) 
Signal Output (TTL) 
TTL Vcc (+5.0 V) 















es ce 
15 VE 


Signal Output (TTL) 
TTL Voc (+5.0 V) 
Signal Output (TTL) 
TTL Ground (0 V) 
TTL Ground (0 V) 
Signal Output (TTL) 
TTL Voc (+5.0 V) 
Signal Output (TTL) 
TTL Voc (+5.0 V) 
Signal Output (TTL) 
TTL Ground (0 V) 
No Connection 
ECL Ground 
Select Input (TTL) 





































OAN OURAN — 















ABSOLUTE RATINGS (Do not exceed) 


Power Supply Voltage VE (ECL) —0.5 to +7.0 
Power Supply Voltage VT (TTL) —0.5 to +7.0 





Input Voltage —0.5 to +7.0 
"Disabled &-State Output 
Operating Temperature 0.0 to +85 


DC CHARACTERISTICS VT = VE = 5.0 V +5% 


Symbol Characteristic 


ice Power Supply Current 
ICCH 





ICCL 
Output HIGH Voltage lo = “80 mA 
: : OH =-15m 
Output LOW Voltage 
Output Short Circuit Current 
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MC10H645 


AC CHARACTERISTICS VT = VE = 5.0 V+5% 


aaa Characteristic 
tPLH Propagation Delay Q0 - Q8 
Do to Output Only 
tskpp Part-to-Part Skew 
Do to Output Only 
tskwd* Within-Device Skew : : 
Dg to Output Only 
| tPLH Propagation Delay | QO-—Q8 2 5.2 7.2 5.7 7.7 
SEL to Q 


: fieal aad eck 


2 
0 
3 


6. 
1. 
0.6 
7. 





5 
ey i 
tr Output Rise/Fall Time QO - Q8 0. 
tf 0.8Vto2.0V 0. 
ts Setup Time 
SEL to D 1.0 


* Within-Device Skew defined as identical transitions on similar paths through a device. 





DUTY CYCLE SPECIFICATIONS 0°C < TA < 85°C; Duty Cycle Measured Relative to 1.5 V 
- Characteristic 


Range of Vcc and C,_ to Meet Min Pulse 


Width (HIGH or LOW) at foyt < 50 MHz 
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(MA) MOTOROLA 


Product Preview 


PECL/TTL-TTL 1:8 Clock 
Distribution Chip | 


The MC10H/100H646 is a single supply, low skew translating 1:8 clock driver. 
Devices in the Motorola ‘H600 translator series utilize the 28-lead PLCC for 
optimal power pinning, signal flow through and electrical performance. The 
single supply H646 is similar to the H643, which is a dual supply 1:8 version of 


the same function. 


The device features a 24 mA TTL output stage, with AC performance specified 


into a 50 pF load capacitance. 


The 10H version is compatible with MECL 10H ECL logic levels. The 100H 


version is compatible with 100K levels. 


PECL/TTL-TTL Version of Popular ECLinPS E111 
Low Skew 3 

Guaranteed Skew Spec 

Tri-State Enable 

Differential Internal Design 

Vpp Output 

Single Supply 

Extra TTL and ECL Power/Ground Pins 

Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 
Matched High and Low Output Impedance 


Pinout: 28-Lead PLCC (Top View) 


Q Qa 

za za 
st O Te) C o OO ~ 
CGC oO CG O CG oO Co 
roe oe oe ee gon ie ee Ee ee 





25 24 23 21 20 19 


Q3 | 18 || EN 
OGND 17] IVT 
Q2 |}28 16} ] IGND 
OVT 15|] VCCE 
Qt 14[] VCCE 
OGND 13] VBB 
Qo 12{] ECLK 
5 6 7 8 Q 
Ld Ld Ld Bi =a Lae _ 














MC10H646 
MC100H646 


PECL/TTL-TTL 
1:8 CLOCK 
DISTRIBUTION CHIP 





FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 


PIN NAMES 


TTL Output Ground (0 V) 
TTL Output Vcc (+5.0 V) 
Internal TTL GND (0 V) 
Internal TTL Vcc (+5.0 V) 


ECL Veg (0 V) 

ECL Ground (5.0 V) 

Differential Signal Input (PECL) 
Ves Reference Output 

Signal Outputs (TTL) 

Tri-State Enable Input (TTL) 
Signal Input (TTL) 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC10H646 « MC100H646 


DC CHARACTERISTICS (IVT = OVT = VCCE = 5.0 V 5%) 


Pe cco 
ba ent al ak el a 
eRe ee ee ee oe 
| 10s a a ee ee ee 














loH = 24 mA 


Output LOW Voltage loi = 24 mA 
Output Short Circuit Current 


1 The outputs must not be shorted to ground, as this will result in permanent damage to the device. The high drive outputs of this device do 
not include a limiting IOS resistor. 


10H PECL DC CHARACTERISTICS (IVT = OVT = VCCE = 5.0 V +5%) 


Characteristic 


Input HIGH Current 


iouttowGurent | 05 |_| a 
ViH Input HIGH Voltage 4.16 | 3.87 4.19 | 3.94 4.28 V =IVO= 
VOCE = 5.0V (1) 
Input LOW Voltage IVT = IVO = 
VCCE = 5.0V (1) 
VBB Output Reference Voltage 3.73 | 3.65 =IVO= 
VOCE = 5.0V (1) 


100H PECL DC CHARACTERISTICS (IVT = OVT = VCCE = 5.0 V +5%) 


[we sf wed 
isthe Vantaa aera ta ear tae 


Ce a A 3 9 2 
fin, | InputLow Current LOW input LOW Current | aoe 


Input HIGH Voltage — 12 4 12 =IVO= 
VOCE - 5.0V (1) 
Input LOW Voltage 3.19 3.19 =IVO= 
VOCE 5.0V (1) 
Output Reference Voltage 3.62 3.74 3.74 3.74 =IVO= 
VOCE © 5.0V (1) 


1 PECL Vj, Vi_ and Vpp are referenced to VCCE and will vary 1:1 with the power supply. The levels shown are for IVT = [VO = VCCE = 5.0 V 
DC CHARACTERISTICS (IVT = OVT = VCCE = 5.0 V 5%) 


[oc | =e | «° 
ee ee 


Power Supply Current ee ee ee Total all OVT, IVT, 
[icc | ee pete and VCCE pins 


AC CHARACTERISTICS (IVT = OVT = VCCE = 5.0 V +5%) 


— 
mms | nan 
[ne | 
7 































tPLH Propagation Delay to Q0-Q7 
tPHL Output 


Part-to-Part Skew 
Within-Device Skew 
Q0-Q7 


Pulse Width Out 
HIGH or LOW 
@ fouTt = 50 MHz 
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MC10H646 « MC100H646 


AC CHARACTERISTICS (continued) (IVT = OVT = VCCE =5.0V+5%) ; ax 


| 
Characteristic [in| wax [win [typ [Max | win [Max 





Output Rise/Fall Time All ee 
0.8 Vto2.4V Outputs 
0.8 V to2.0V ~ . 


Note to Product Preview Edition: The pre-silicon simulation value for typical propagation delay to all outputs is 6.5ns. Final value will be established 
as the measured statistical mean after characterization of a sufficient number of lots, and thus may not exactly equal the target. The skew 
specification is an absolute value that measures the worst case Tpq difference between any two of the specified outputs. 


TRUTH TABLE Se; = EN 





LOGIC SYMBOL 





X = Immaterial; L = Low Voltage Level; H = High Voltage Level; Z = Tristate 


POWER oe Li as 


PpyNAMIc = GL f VswinG Yoc 

PTOTAL = PsTATIC + PDYNAMIC we 
La ee 
aa ae 
oA 


IGNDO1 0 20 40 60 80 100 120 


| 700 
INTERNAL TTL POWER [ ct rot 












500 


ii 


—a— 300 pF 
—— 200 pF 
—a— 100 pF 
——e— 50pF 
—o— NOLOAD 


400 





POWER, mW 
Le) 
S 





200 


400 
INTERNAL TTL GROUND 


FREQUENCY, MHz 


Figure 1. Output Structure Figure 2. Power versus Frequency (Typical) - 
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(AA) MOTOROLA 


4-Bit ECL-TTL Load Reducing 


DRAM Driver 


The MC10H/100H660 is a 4-bit ECL input, translating 
DRAM address driver, ideally suited for driving TTL compatible 
DRAM inputs from an ECL system. It is designed for use in high 
capacity, highly interleaved DRAM memory boards, that di- 
rectly interface to a high speed, pipelined ECL bus interface, 
where new operations may be initiated to the board at up to a 
50 Mz rate. 

The latch provides the capability for the memory controller 
to propagate new addresses to different banks without having 
to wait for the address timing constraints to be satisfied from a 
previous memory operation. The dual output fanout reduces 
input loading from the controller by a factor of two, thus 
significantly improving board etch propagation delays from the 
controller, without the need for additional ECL buffering. 

The H660 features special TTL outputs which do not have 
an lO$ limiting resistor, therefore allowing rapid charging of the 
load capacitance. Output voltage levels are designed specifi- 
cally for driving DRAM inputs. The output stages feature sepa- 
rate power and ground pins to isolate output switching noise 
from internal circuitry, and also to improve simultaneous switch- 
ing performance. 

The 10H version is compatible with MECL 10H ECL logic 
levels. The 100H version is compatible with 100K levels. 


¢ High Capacitive Drive Outputs to Drive DRAM 
Address Inputs 

¢ Extra TTL and ECL Power/Ground Pins to 
Minimize Switching Noise 

¢ Dual Supply 

* 10.7 ns Max. D to Q into 300 pF 

¢ Choice of ECL Compatibility: 
MECL 10H (10Hxxx) or 100K (100Hxxx) 


PINOUT: 28-LEAD PLCC (TOP VIEW) 





IVT23 





IGND23 


VCCE 


VCCE 


D3 


D2 


R 


LOGIC SYMBOL 


IvT01 ——/ 
IGNDO1 ——/ 


D1 


D2 


IVT23 ——/ 
IGND23 ———/ 


D3 
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MC10H660 
MC100H660 


4-BIT ECL-TTL 
LOAD REDUCING 
DRAM DRIVER 





FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 


DRAM Driver 
Qutouts 


Fa eS 
YY | VAY VY YY 


- 


- 


MC10H660 « MC100H660 


PIN NAMES | TRUTH TABLE 


FUNCTION 


OGNDJ(0:3] Output Ground ( OV ) 

OVT01, OVT23 Output VCCT (+5.0 V) 

IGNDO1, IGND23| Internal TTL Ground (OV ) 
IVT01, IVT23 | Internal TTL VCCT (+5.0 V) 
VEE ECL Neg. Supply (-5.2 /-4.5 V) 
VCCE | ECL Ground (OV ) 

D[0:3] Data Inputs (ECL) 

Q[0:3]A, Q[0:3]B | Data Outputs (TTL levels) 

LEN | Latch Enable (ECL) 

R Reset (ECL) 





DC Characteristics: VocT = 5.0 V+ 10%; VEE =—5.2 V + 5% (10H version) 
VEE = —4.2 V to —5.5 V (100H version) 





TTL DC Characteristics: VcocT =5.0 V + 10%; Veg =—5.2 V + 5% (10H version) 


VEE = —4.2 V to —5.5 V (100H version) 


| 
Characteristic | | min max] min max) min max 


ae a a ee 


| Output Short Circuit Current* See Note 1 














‘The outputs must not be shorted to ground, as this will result Minimum recommended load capacitance is 100 pF. 
in permanent damage to the device. The high drive outputs of this Precise output performance and waveforms will depend 
device do not include a limiting [OS resistor. on the exact nature of the actual load. The lumped load 

. is of course an approximation to a real memory system 
load. 
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MC10H660 « MC100H660 


AC Characteristics: §=VcocT = 5.0 V + 10%; VEE = —5.2 V + 5% (10H version) 


Symbol 


VEE = —4.2 V to —5.5 V (100H version) 


Characteristic 


Set-up Time, D to LEN 
Hold Time, D to LEN 
LEN Pulse Width, HIGH 


Propagation Delay 
to Output 


50% point of ECL input 
to 1.5 V point of TTL 
output 


Propagation Delay 
to Output 


Propagation Delay 
to Output 


50% point of ECL input 
to 2.4 V point of TTL 
output 


Propagation Delay 
to Output 


50% point of ECL input 
to 0.8 V point of TTL 
output 
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= 100 pF 
a = 200 pF 


C, = 100 pF 
C, = 200 pF 
C, = 300 pF 


C, = 100 pF 
C, = 200 pF 


C, = 100 pF 
C, = 200 pF 


C, = 100 pF 
C, = 200 pF 


C, = 200 pF 
C, = 300 pF 








MC10H660 « MC100H660 


OUTPUT STRUCTURE POWER vs FREQUENCY 
— Output Q0A Shown — typical 
internal TRL power | <I WvTo1 | Power vs Frequency 
rts OVT01 per Bit 


fV__V, 


Fnac swing C c 


— Protet = Pict Posicis Al 


—®— 300 pF 





= 
: —~—— 200 pF 
QOA 3 —a— 100 pF 
—e— 50 pF 
ohne eatigct No load 
as OGNDO 
internal TTL ground IGNDO1 





Frequency, MHz 


10H ECL DC Characteristics: VccT = 5.0 V+ 10%; Veg =-5.2Vt5% 


so haw ao 


-1170 -840 4130 -810 }-1060 -720 
-1950 -1480 1950 -1480/ -1950 -1445 ity 










Condition 









Input HIGH Current 
Input LOW Current 









Input HIGH Voltage 
Input LOW Voltage 









Condition 















-1165 -880 
-1810 -1475 





-1165 -880 
-1810 -1475 






Input HIGH Voltage 
Input LOW Voltage 






2-154 


MC10H660 ¢ MC100H660 


AC TEST SET-UP 
C, = 100 pF 





The MC10/1 


The MC 10/100H660 was designed for use in high capac- 
ity, highly interleaved DRAM memory boards, that directly 
interface to a high speed, pipelined ECL bus interface, where 
new operations may be initiated to the board at a 50 MHz rate 
(e.g. bipolar RISC systems). | 

The following briefly discusses the major design features 
of the part over existing semiconductor devices traditionally 
used in interfacing DRAMs in high performance system envi- 
ronments. 


1. ECL Translator 


High performance memory systems of the past that were - 


oh pF 


H660 ECL-TTL DRAM Addr 


interfaced to ECL buses had to rely onseparate ECL translators - 


and DRAM drivers to interface to large DRAM arrays, which is 
acceptable if the module is not highly interleaved and the bus 
cycle time is comparable to the DRAM access time. This 
becomes inadequate as the cycle time of the interface becomes 
significantly faster than the address timing requirements of the 
RAM, and as the degree of internal board interleaving in- 
creases. These higher performance demands require that the 


internal address and control signals propagated to the DRAM. 


drivers be implemented in ECL, thus requiring the integration of 
the driver and translator functions. 

Integration of the transiator/drive function also reduces 
access latency, as well as keeping DRAM timing parameters 
from being violated, due to the excessive delays encountered 
with separate parts. 


2. MOS Drive Capability 


Outputs are specifically designed for driving large num- 
bers of DRAMs (~ 300 pF ), which reduce the number of parts 
and power requirements needed per board. Output voltage 
levels are designed specifically for driving DRAM inputs. No 
ECL translator parts on the market today provide the designer 
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450 Q 






SCOPE 


Driver 


with this drive capability as well as the flexibility to vary the 
number of DRAMs that are driven by the part. 


3. Transparent Latch 


The latch is added to provide the capability for a memory 
controller to propagate new addresses to different banks with- 
out having to wait for the address timing constraints to be 
satisfied from a previous memory operation. For system 
implementations where this is acceptable, the user has the 
capability to keep the latch open, thus having the part act as an 
address translator/buffer, with minimal performance impact 
due to the additional propagation delay incurred from the 
internal latch. The latch is controlled with an already existing 
DRAM timing signal. 


4. 1:2 Output Fanout 


This function is useful in that it reduces input loading from 
the controller by a factor of two, thus significantly improving 
board etch propagation delays from the controller to the large 
number of translators, without the addition of ECL glue logic 
parts to reduce the loading. !n large memory boards, so many 
translators are needed that this type of organization is not a 
handicap. 


5. Low Skew, Low Propagation Delay 


Low skew of the part as well as fast propagation delay 
enable faster overall DRAM operation to be attained than is 
possible with existing parts. 


6. Power and Package Pin Layout 


The H660 is specifically designed with additional power 
and ground pins to greatly improve simultaneous switching 
performance over existing driver parts. 








MC10H660 ° MC100H660 


OUTPUT WAVEFORMS 
simulated 


Example 1. An output load consisting of just CL = 50 pF results 
in overshoot at the output Q: 


VOLTAGE 





TIME 


Example 2. lnamemory system application, use of an external 
source resistor is suggested. Simulations run with RS = 8Q and 
CL= 300 pF leads to clean waveforms both atthe output, Q, and 
at point Qp: 


VOLTAGE 
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(MA) MOTOROLA 


4-Bit Differential ECL 
Bus/TTL Bus Transceiver 


The MC10H/100H680 is a dual supply 4-bit differential ECL 
bus to TTL bus transceiver. It is designed to allow the system 
designer to no longer be limited in bus speed associated with 
Standard TTL busses. Using a differential ECL Bus will 
increase the frequency of operation and increase noise 
immunity. 

Both the TTL and the ECL ports are capable of driving a bus. 
The ECL outputs have the ability to drive 25 Q, allowing both 
ends of the bus line to be terminated in the characteristic 
impedance of 50 Q. The TTL outputs are specified to source 
15 mA and sink 48 mA, allowing the ability to drive highly 
Capacitive loads. 

The ECL output levels are VoH approximately equal to 
—1.0 V and Vo. cutoff equal to -2.0 V (VTT). When the ECL 
ports are disabled both ElOx and ElOxB go to the Vo _ cutoff 
level. The ECL input receivers have special circuitry which 
detects this disabled condition, prevents oscillation, and 
forces the TTL output to the low state. The noise margin in this 
disabled state is greater than 600 mV. Multiple ECL Veco pins 
are utilized to minimize switching noise. 


Differential ECL Bus (25 Q) I/O Ports 
High Drive TTL Bus 1/O Ports 


Dual Supply 
Direction and Chip Enable Control Pins 


PIN ASSIGNMENT 





Extra TTL and ECL Power/Ground Pins to Minimize Switching Noise 


Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100K) 


MC10H680 
MC100H680 


4-BIT DIFFERENTIAL 
ECL BUS/TTL 
BUS TRANSCEIVER 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





The TTL ports have standard levels. The TTL input 
receivers have PNP input devices to significantly reduce 
loading. Multiple TTL power and ground pins are utilized to 
minimize switching noise. 

The control pins (EDIR and ECEB) of the 10H version is 
compatible with MECL 10H ECL logic levels. The control pins 
of the 100H version are compatible with 100K levels. 


PIN NAMES 


GND[1:4] TTL Ground 
ECL Vcc (0 V) — Outputs 
Cc ECL Vcc (0 V) 
Veosit :2] TTL Supply (+5.0 V) 
VEE ECL Supply (—5.2/—4.5 V) 

- ElO[0:3] ECL I/O Non-Inverting Ports 
E!O(0:3]B ECL 1/O Inverting Ports 
TIO[0:3] TTL I/O Ports 
TDIR TTL Direction Control 
EDIR ECL Direction Control 


TCEB TTL Chip Enable Bar Control 
ECEB ECL Chip Enable Bar Controi 








MC10H680 ¢ MC100H680 


TRUTH TABLE 


TDIR — Direction Control TTL Levels H — HIGH 

EDIR — Direction Control ECL Levels L— LOW 

TCEB — Chip Enable Bar Control TTL Levels LC — ECL Low Cutoff (VTT = -2.0 V) 
ECEB — Chip Enable Bar Control ECL Levels X — Don’t Care 

TIN — TTL Input Z_— High impedance 


TOUT — TTL Output 

EIN — ECL Input 

EINB — ECL Input Bar 
EOUT — ECL Output 
EOUTB — ECL Output Bar 















N | TOUT | COMMENTS . 

X ECL and TTL Outputs Disabled 

X ECL and TTL Outputs Disabled 

A ECL to TTL Direction 

A ECL to TTL Direction 


i 
X LC L 


Cc 
LC 





_ 
GG 


ECL to TTL Direction (L-L Cond.) 
ECL to TTL Direction 


ECL to TTL Direction 
ECL to TTL Direction (L-L Cond.) 


Cc H as TTL to ECL Direction 
L ae TTL to ECL Direction 


TTL Gnd ECL Vcc 
TTL I/O Bit 0 ECL I/O Bit 3 
TTL Controlled Direction ECL Vcc (0 V) — Outputs 
ECL Controlled Direction ECL |/O Bit 3 Bar 
ECL I/O Bit 0 ECL Control Chip Enable Bar 
ECL Vcc (0 V) — Outputs TTL Control Chip Enable Bar 
ECL 1/O Bit 0 Bar TTL I/O Bit 3 
ECL VEE TTL GND 
ECL I/O Bit 1 TTL Vcc 
ECL Vcc (0 V) — Outputs TTL GND 
ECL I/O Bit 1 Bar TTL 1/0 Bit 2 
ECL I/O Bit 2 TTL I/O Bit 1 
ECL Vcc (0 V) — Outputs TTL GND 
ECL I/O Bit 2 Bar 


N 
N 
N 
N 
N 
N 


= 


_ | _ {i _ 


rm 


= 





zizic cic i 


- 
G 





ABSOLUTE RATINGS (Do not exceed): 


Power Supply Voltage Vee (ECL) Cc 
c 
Cc 


vd 
vd 
Vj (TTL) ~0.5 to +7.0 
vd 





[DectessSaeoupn SSSCS~S~S~d wt) | tooo |e 
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MC10H680 e MC100H680 
ECL DC CHARACTERISTICS: Vccrz = +5.0 V #10%, VEE =—5.2 +5% (10H Version); Ver =—4.2 V to —5.5 V (100H Version) 
hie ee ae 
ee a 
es [es oe 
Tos fe [fm 
-~1100 | -810 | -1100 | -735 | mV | 25Qto-2.1V 
—2.1 -—2.03 —2.1 —2.03 V 
CONTROL INPUTS ONLY 


10H ECL DC CHARACTERISTICS: Vcr = +5.0 +10%, Veg =~5.2 45% 


et Ta = 25°C Ta = 75°C 
Symbo! Parameter | Min | Max | Min] Max | Min | Max | 
VIH Input HIGH Voltage -1170 | -840 | -1130 | -810 | -1070 | -735 | mv 
ViL Input LOW Voltage -1950 | -1480 | -1950 | -1480 | -1950 | -1450 




















CONTROL INPUTS ONLY: 
100H ECL DC CHARACTERISTICS: Vccq = +5.0 +10%, VEE =—4.2 V to-5.5 V 


Test Ta = 0°C Ta = 25°C Ta = 75°C 
ome Parameter | win | Max | min | Max | min | Max | 
VIH Input HIGH Voitage —1165 | -—880 | -1165 | —880 | ~—1165 
VIL Input LOW Voltage -1810 | -1475 | -1810 | -1475 | —1810 






—880 mV 
-1475 












Parameter | Min 
Standard Input 
Standard Input 
Output HIGH Voltage 
Output HIGH Voltage 
VoL | Output LOW Voltage hee oth ; 
TTL (Input HIGH) 20 | 20 HA Vin =2.7 V 
TTL (Input HIGH) 100 100 Vin = 7.0 V 


| fm | 
Te [ts 
sae A 
at 







rs [fm | 
Oe 
: 


* NOTE: TTL Control Inputs only 


7 
225 





TTL /O DC CHARACTERISTICS ONLY 


Test Ta = 75°C 
Symbol Parameter | Max | 





lH/OZH | Output Disable 70 wA | Voyt=2.7V 
HWLAOZL | Current VouT = 0.5 V 
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MC10H680 ¢ MC100H680 


ECL TO TTL DIRECTION / AC TEST 












Test | 

symbo Max Conaltion 

tPLH Propagation Delay 2.7 4.8 2.7 2.7 4.8 CL=50pF . 

tPHL to Output 

tPZH ECEB to Output 45 4.5 47 6.7 Cy = 50 pF 

tpZL Enable Time 4.0 4.0 4.4 6.4 

tPpHZ ECEB to Output 4.6 8.6 4.6 8.6 8.8 CL = 50 pF 

tpLz Disable Time 4.5 6.5 4.5 6.5 7.3 

tpZH TCEB to Output 5.7 7.7 5.7 7.7 7.9 Cy = 50 pF 

tpZ1. Enable Time 5.4 6.9 5.4 6.9 7.4 | 

tpHz TCEB to Output 4.0 8.4 

tpLZz Disable Time 4.0 

tet toto2ovic | 3 o4 [15 | 04 | 15 | 04 | CL = 50 pF 










Test Ta = 0°C Ta = 25°C 
Symbol Parameter Waveforms | Min 
tPLH Propagation Delay — 1,4 1.8 
tPHL to Output 
tPLH ECEB 1,4 
tPHL to Output 
tPLH TCEB 1,4 34 
{PHL to Output 
ty/te Output Rise/Fall 1,3 

Time 20%—80% : 


i 
— 
— 
= 


4.6 
3.4 


8.5 4.2 Cy. = 50 pF 
5.8 6.0 4.7 
TTL TO ECL DIRECTION / AC TEST 


Maw | iain | Mex {in| 
iat 
BN a 
Kl Ba Ro ik 
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MC10H680 « MC100H680 


BLOCK DIAGRAM 


EOE 
a. 


CNTR INPUTS 


TDIR 
a 
































TTL VO | “00 LV 
™ 7 an ae 
© ElO0 
ai 
GND2 —— Veco2 
Asal 
ra sae 
Lage [ ; 
<UoE 
GND3 — —— \Vcco3 
i - 
ro >a 
@ — £02 
Bed 
oe mea NOG 
ElO03 
TIO3 ms 
E103 


ni 
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MC10H680 e MC100H680 


SWITCHING CIRCUIT AND WAVEFORMS 


VEE Vcc & Veco 






ECL TTL 
USE 0.1 uF CAPACITORS . . 
FOR DECOUPLING. se | | | ae. Oe | 



















502 
GENERATOR UNDER ALL 
TEST OTHERS 
'PZL: tPLZ Ri 
2 OC 500 Q 
Fe) 
Q DEVICE 
= UNDER 
TEST 25 
USE OSCILLOSCOPE 500 Q 
INTERNAL 50 Q LOAD 
FOR TERMINATION. = 
OSCILLOSCOPE 
Figure 1. Switching Circuit ECL ; Figure 2. 
ECLTTL | | ~ ECL/TTL 







50%/1.5 V 
Vin 












80%/2.0 V 
20%/1.0 V 






Tpd++ 





50%/1.5 V 









Trise Tait 


Figure 3. WAVEFORMS: Rise and Fall Times Figure 4. Propagation Delay — Single Ended 





0.3V 


Figure 5. 3-State Output Low Enable and Disable Times Figure 6. 3-State Output High Enable and Disable Times 
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(MA) MOTOROLA 


Hex ECL/TTL Transceiver 
with Latches 


The MC10/100H681 is a dual supply Hex ECL/TTL trans- 
ceiver with latches in both directions. ECL controlled Direction 
and Chip Enable Bar pins. There are two Latch Enable pins, 
one for each direction. 

The ECL outputs are single ended and drive 50 Q. The TTL 
outputs are specified to source 12 mA and sink 48 mA, allow- 
ing the ability to drive highly capacitive loads. The high driving 
ability of the TTL outputs make the device ideal for bussing 
applications. 


Separate Latch Enable Controls for each Direction 
ECL Single Ended 50 Q 1/0 Port 

High Drive TTL I/O Ports 

Extra TTL and ECL Power/Ground Pins to Minimize 
Switching Noise 

e Dual Supply 

e Direction and Chip Enable Control Pins 

e Choice of ECL Compatibility: MECL 10H (10Hxxx) or 
100K (100Hxxx) 


a 


TTL I/O BIT 1 

TTL Vcc (5.0 V) 

TTL GND (0 V) 

TTL I/O Bit O 

Direction Control (ECL) 

Chip Enable Bar Control (ECL) 
Latch Enable ECL-TTL Control (ECL) 
Latch Enable TTL-ECL Control (ECL) 
ECL Supply (-5.2/-4.5 V) 
ECL I/O BIT 0 

ECL I/O BIT 1 

ECL I/O BIT 2 

ECL Vcc (0 V) — Outputs 
TTL I/O BIT 3 

ECL Vcc (0 V) 

ECL I/O BIT 4 

ECL Vcc (0 V) — Outputs 
ECL I/O BIT 5 

TTL I/O BIT 5 

TTL GND (0 V) 

TTL Vcc (5.0 V) 

TTL I/O BIT 4 

TTL GND (0 V) 

TTL Vcc (5.0 V) 

TTL I/O BIT 3 

TTL I/O BIT 2 

TTL Vcc (5.0 V) 

TTL Vcc (0 V) 


OOAN Oa GAN — 





MC10H681 
MC100H681 


HEX ECL/TTL 
TRANSCEIVER 
WITH LATCHES 


4 
FN SUFFIX 
PLASTIC PACKAGE 
CASE 776 





The ECL output levels are standard VOH and Vo, cutoff 
equal to —2.0 V (VtT). When the ECL ports are disabled the 
outputs go to the Vo ,_cutoff level. Multiple ECL VCCo pins are 
utilized to minimize switching noise. 

The TTL ports have standard levels. The TTL input receiv- 
ers have PNP input devices to significantly reduce loading. 
Multiple TTL power and ground pins are utilized to minimize 
switching noise. 

The 10H version is compatible with MECL 10H ECL logic 
levels. The 100H version is compatible with 100K levels. 


PIN ASSIGNMENT 








MC10H681 ¢« MC100H681 





TRUTH TABLE e Hex 


eee 20a LEET * ECLITTL Translation 
a 






e Dual Supply 

e ECL Outputs, 50 Ohm S.E., VOH/Cutoff . 
e TTL Outputs, 48 mA Sink, 12 mA Source 

e Multi Power and Ground Pins - 
e Separate LE Controls 
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MC10H681 « MC100H681 


ECL DC CHARACTERISTICS: Vcocrt = +5.0 V +10%, Veg = —5.2 +5% (10H Version); Vege = —4.2 V to—5.5 V (100H Version) 


Dice | Siva curenrect | — 
Civ | purer conent | — | 25 | 
os r 

é V 










C= ae a 
50 2 to-2.1V 


VOH Output HIGH Voltage ~1100 —840 ~1100 —810 —1100 —735 mV 
VOL Output LOW Voltage —2.1 —2.03 —2.1 —2.03 —2.1 —2.03 


Input HIGH Voltage —1170 | -840 | -1130 | -—810 | -1070 | -—735 
Input LOW Voltage ~1950 |} -1480 | -1950 | —1480 } —1950 | -1450 














100H ECL DC CHARACTERISTICS: Vccr = +5.0 +10%, VEE =-4.2 V to-5.5V 


Test Ta =0°C Ta = 25°C Ta = 75°C 
Symbol Parameter | Min | ax | Min | Max | Min | Max _ 
ViH Input HIGH Voltage -1165 | —880 | -1165 | —880 | -1165 | -—880 
VIL Input LOW Voltage —-1810 | -1475 | -1810 [| -1475 | -1810 | -—1475 

ABSOLUTE RATINGS (Do not exceed): 


Power Supply Voltage Vee (ECL) 
Power Supply Voltage Voct (TTL) 


Input Voltage V, (ECL) 0.0 to VEE 
V} (TTL) ~0.5 to +7.0 


Disabled 3-State Output Vout (TTL) 0.0 to VocT 





Output Source Current Continuous 
Output Source Current Surge | lout (ECL) =f 200” 
Storage Temperature 
Operating Temperature 
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MC10H681 « MC100H681 


TTL DC CHARACTERISTICS: VecT = +5.0 V 410%, Veg = —5.2 +5% (10H Version); Veg = —4.2 V to —5.5 V (100H Version) 


Test 
Symbol Parameter 
VIH Standard Input 
VIL Standard Input 
Input Clamp : 
VOH: - ; : IOH = —-3.0 mA 
a loH =-15 mA 


res Output Disable 
NW/OZL 
Ico ania 


VouT =9V 


Propagation 

Delay to Output 

LEET to 6.4 | 9.1 6.4. 
Output 5.8 7. C- 5.8 
CEB to Output 5.5 

Enable Time 5.6 

CEB to Output 

Disable Time 


Propagation ; ; : . : Re) 50 2 to—2.0 V 
Delay to Output 
50 Q to-2.0 V 
50 Q to -2.0 V 
Output Rise/Fall : : ; 2 50 2 to-2.0 V 
Time 20%-—80% 
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MC10H681 ¢ MC100H681 


TEST CIRCUITS AND WAVEFORMS 







VEE Voc &V 
ECL cc & Veco 
USE 0.1 F CAPACITORS 
FOR DECOUPLING. als 






50 £2 COAX DEVICE 


UNDER 
TEST 


OUT 





PULSE 
GENERATOR 






XVOD 70S — 
XVOD 70S 






USE OSCILLOSCOPE 
INTERNAL 50 Q LOAD 


FOR TERMINATION. OSCILLOSCOPE 


Figure 1. Test Circuit ECL 


ECL/TTL 







80%/2.0 V 


Vout 20%/1.0 V 


Trise Tfall 


Figure 3. Rise and Fall Times 





Figure 5. 3-State Output Low Enable 
and Disable Times 


| +7V OPEN | 








ALL 
OTHERS 

tPZL, (PLZ Ri 

oc 500 ©2 
DEVICE 
UNDER 

T 
TES 5 
500 Q 


Figure 2. Test Circuit TTL 


ECL/TTL 











50%/1.5 V 
Vin 


Tod++ 





50%/1.5 V 


Figure 4. Propagation Delay — Single Ended 


VE 


VE 


VOUT 





Figure 6. 3-State Output High Enable 
and Disable Times 
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Integrated Circuits Division 





MECL 10K 


Selector Gite Data Soot ET 


MECL 10K 


INTEGRATED CIRCUITS 


MC10,100/10,200 Series 
—30 to 85°C 


Function Selection — (—30° to +85°C) 


Function 


NOR Gates 


Quad 2-Input Gate/Strobe 
Quad 2-Input Gate 


Triple 4-3-3 Input Gate 
Dual 3-Input 3-Output Gate 
Dual 3-Input 3-Output Gate 


OR Gates 


Quad 2-Input Gate 
Dual 3-Input 3-Output Gate 
Dual 3-input 3-Output Gate 


AND Gates 


Quad 2-Input Gate 
Hex Gate 








Complex Gates 


Quad OR/NOR Gate 

Triple 2-3-2 Input OR/NOR Gate 

Dual 4-5 Input OR/NOR Gate 

Dual 3-Input 3-Output OR/NOR Gate 

Triple 2-Input Exclusive OR/NOR Gate 

Quad 2-Input Exclusive OR/NOR Gate 

Dual 2-Wide 2-3 Input OR-AND/OR-AND 
INVERT 

Dual 2-Wide 3-input OR-AND 

4-Wide 4-3-3-3 Input OR-AND 

4-Wide 3-input OR-AND/OR-AND 
INVERT 


Buffers/Inverters 


Hex Buffer/Enable 
Hex Inverter/Enable 
Hex Inverter/Buffer 





Line Drivers/Line Receivers 


Triple Line Receiver 

Quad Line Receiver 

Triple Line Receiver 

Quad Bus Receiver 

Quad Bus Driver 

Triple Line Receiver 

Triple 4-3-3 Input Bus Driver 
Dual Bus Driver 


Translators 


Quad TTL-MECL 
Quad MECL-TTL 


Quad MST to MECL 





MC10100 
MC10102 
MC10106 
MC10111 
MC10211 


620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10103 
MC10110 
MC10210 


620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10104 | 620, 648, 775 
MC10197 | 620, 648, 775 


MC10101 
MC10105 
MC10109 
MC10212 
MC10107 
MC10113 


620, 648, 775 
620, 648, 775 
-620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10117 
MC10118 
MC10119 


620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10121 | 620, 648, 775 





MC10188 
MC10189 
MC10195 


620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10114 | 620, 648, 775 
MC10115 | 620, 648, 775 
MC10116 | 620, 648, 775 
MC10129 620 

MC10192 | 620, 648, 775 
MC10216 | 620, 648, 775 
MC10123 | 620, 648, 775 
MC10128 620 





MC10124 
MC10125 
MC10190 


620, 648, 775 
620, 648, 775 
620, 648, 775 


[_fenetion ‘|e 


Flip-Flop/Latches 


Dual D Master Slave Flip-Flop 
Dual J-K Master Slave Flip-Flop 
Hex D Master Slave Flip-Flop 
Hex D Common Reset Flip-Flop 


{| Dual D Master Slave Flip-Flop 


Quad Latch 
‘Quint Latch ; 
Quad/Common Clock Latch 
Quad/Negative Clock Latch 
Dual Latch 


Encoders 





8-Input Encoder 
Decoders 


Binary to 1-8 (Low) 
Binary to 1-8 (High) 
Dual Binary to 1-4 (Low) 
Dual Binary to 1-4 (High) 


Parity Generator/Checkers 


12-Bit Parity Generator-Checker 
9 + 2 Bit Parity 


Counters 


Hexadecimal 

Decade 

Biquinary 

Binary Down Counter 
Binary 





Arithmetic Functions 


5-Bit Magnitude Comparator 
4-Bit Arithmetic Function Gen. 


Shift Register 
4-Bit Universal 


Multivibrators 


Monostable Multivibrators 


Multiplexer 


Quad 2-Input/Noninverting 
Dual Multiplexer/Latch 
Dual Multiplexer/Latch 


Quad 2-Input/Inverting 
8-Line 

Quad 2-Input/Latch 
Dual 4-1 





_ Case 


MC10131 
MC10135 
MC10176 
MC10186 | 
MC10231 
MC10133 
MC10175 
MC10168 
MC10153 
MC10130 


620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10165 | 620, 648, 775 


MC10161 
MC10162 
MC10171 
MC10172 


620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 





MC10160 | 620, 648, 775 
MC10170 | 620, 648, 775 


MC10136 
MC10137 
MC10138 
MC10154 
~ MC10178 


620, 648, 775 
620, 648 
620, 648, 775 
620, 648 
620, 648, 775 


MC10166 { 620, 648, 775 
MC10181 623, 649 

MC10141 | 620, 648, 775 
MC10198 | 620, 648, 775 


MC10158 
MC10132 
MC10134 
MC10159 
MC10164 
MC10173 
MC10174 


620, 648, 775 
620, 648 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


(A) MOTOROLA 


QUAD 2-INPUT NOR GATE 
WITH STROBE 


The MC10100 is a quad NOR gate. Each gate has 3 inputs, two 
of which are independent and one of which is tied common to all 
four gates. 


Pp = 25 mW typ/gate (No Load) 
tpd 2.0 ns typ 
tr, te = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


=4+5+9 


Vcci = Pin 1 
Vcc2 = Pin 16 
Vege = Pin 8 
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QUAD 2-INPUT NOR GATE 
WITH STROBE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
*, PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Common 
Input 
(A,B,C,D) 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 








v-& 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 


Power Supply Drain Current 






TEST VOLTAGE VALUES 
(Volts) 












Test : 
[ =0.700 | =1.825 | —1.095 | — 1400 [52 






Pin a ° 
Under pain ames | ftie |e omc fw) ae um Nae eae 
| Min | Max | Min _ | Min | Vitimax | Vitmin | ViHAmin 
390 245 
750 470 
— 1.060 —0.890 — 0.960 —0.810 —0.890 
— 1.060 — 0.890 — 0.960 —0.810 — 0.890 
— 1.650 — 1.825 
— 1.650 — 1.825 


TEST VOLTAGE APPLIED TO 
; MC10100 Test Limits PINS LISTED BELOW: 
— 1.890 — 1.675 — 1.850 
— 1.890 — 1.675 — 1.850 


4,5,9 
9,10,11 









ff 
a2 
oO © 





Logic “0” Threshold Voltage 









Switching Times 
(50-ohm load) 
Propagation Delay 













Rise Time 
(20% to 80%) 

Fall Time 

(20% to 80%) 










*Individually test each input applying Vi} or Vi, to input under test. 


(A) MOTOROLA 


SUD OHNOR GStE QUAD OR/NOR GATE 


The MC10101 is a quad 2-input OR/NOR gate with one input 
from each gate common to pin 12. 


Pp = 25 mW typ/gate (No Load) 
tpd 2.0 ns typ 
tr, tt = 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204 CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Vcc1 = Pin 1 
VCC2 = Pin 16 
VEE =Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 









TEST VOLTAGE VALUES 
(Volts) 
Vina min _| VILA max 
(Vec) 
Gnd 





@ Test 











Temperature 
-30°C -0.890 -1 390 





aC DE 
[080 | 1.850 | 1.105 | -1.a78 | 52 
[-0700__[ 1.828 | -1.095 | -1.a0 | 5.2 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Vina min_| VILA max 


MC10101 Test Limits 




















Logic ‘1°’ 
Output Voltage 












Logic “0” 
Output Voltage 










Logic “1” 
Threshold Voltage 












Logic “0"’ 
Threshold Voitage 

















Switching Times 
{50-ohm load) 


Propagation Delay 









Rise Time 
(20 to 80%) 

Fatl Time 

(20 to 80%) 






On On on ry 
cael se 
Ww ie) * 
@O g—.2 





(AA) MOTOROLA 


QUAD 2-INPUT NOR GATE 


QUAD 2-INPUT NOR GATE 


The MC10102 is a quad 2-input NOR gate. The MC10102 pro- 
vides one gate with OR/NOR outputs. 


Pp = 25 mW typ/gate (No Load) 
tod = 2.0 ns typ 
= 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 





LOGIC DIAGRAM DIP 
PIN ASSIGNMENT 


Vcci = Pin1 
Vcc2 = Pin 16 
VEE = Pins 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 








ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 

Characteristic 


Pin 
Symbol 
Power Supply Drain Current 


| le 
Input Current 12 
Cee ees 12 


Logic ‘‘1" 
Output Voltage 





TEST VOLTAGE VALUES 
. (Volts) 




















@ Test 

Temperature 
-30°c «=| -0.890 | = -1.890 | -1.205 | -1.500 | -5.2_ | 
szeec «| -0.810 | -1.850 | -1.105 | 1.475 5.2 | 
95°C 













MC10102 Test Limits 





c 
+ 
fol 













Logic ‘’0"' 
Output Voltage 











Logic ‘1" 
Threshold Voltage 










Logic ‘0’ 
Threshold Voltage 












Switching Times 
(50-ohm toad) 


Propagation Delay 







Lainie fl Out aay | szov | 
— 15 
15 










Rise Time 

(20 to 80%) 
Fali Time 
(20 to 80%) 







w wo P 
N w 
oh 
N 
© © 





| (M\) MOTOROLA 


QUAD 2-INPUT OR GATE QUAD 2-INPUT 


OR GATE 


The MC10103 is a quad 2-input OR gate. The MC10103 provides 
one gate with OR/NOR outputs. 


Pp = 25 mW typ/gate (No Load) 
tpd = 2.0 ns typ L SUFFIX 
= 0, ro) 
2.0 ns typ (20%-80%) CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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u 
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_ ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 


~ shown for only one input and one output. The other inputs and outputs are 


tested in the same manner. @T 
Tempe 


-30°C 
+25°C 
+85°C 












ne MC10103 Test Limits 

Unde: 

Characteristic Symbol | Test i 

Power Supply Orein Curent [fe [8 [ [3 fa 

Input Current ee 
————— 


Logic Output Voltage -1.060 | -O. —_ -0. — -0. —_ 0 ioe 890 — 700 
-1.060 ; -0.890 | -0.960 -0.810 | -0.890 ; -0.700 
Logic ‘’0’’ Output Voltage -1.890 | -1.675 | -1.850 -1.650 | -1.825 } -1.615 
-1.890 | -1.675 {| -1.850 ~1.650 | -1.825 | -1.615 
Logic ‘1°’ Threshoid Voltage VOHA -1.080 -0.980 -0.910 
-1.080 ~0.980 -0.910 
Logic ‘'0’’ Threshold Voltage VouA -1.655 -1.630 -1,.595 
-1.655 -1.630 -1.595 


Switching Times 
(50-ohm load) 
Propagation Delay 
















ONION 


on 












Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 







*Individually test each input applying Viy or Vi, to input under test. 





SSE Ge: CS a 5 a a a 





TEST VOLTAGE VALUES 


(Volts) 


“0.810 | -1.860] 1.105 | -1475 | -52 | 
“0.700 


TEST VOLTAGE APPLIED TO 
PINS LISTED BELOW: (Vcc) 






est 
rature 















Ee De ee 
Ee A A IC 


Vde 1,16 
Vdc 1,16 
Vdc 1,16 
Vdc 12.1 13 1,16 
Vdc 1,16 
Vdc 12,13 1,16 
Vdc eer 

Vde eer = 


Poin in [Pomme aa [av 













= 
F) 
=a 
oO 
aonb 
oO 
W 





(AA) MOTOROLA 


QUAD 2-INPUT AND GATE 


The MC10104 is a quad 2-input AND gate. One of the gates has 


QUAD 2-INPUT AND GATE 
both AND/NAND outputs available. 


Pp 35 mW typ/gate (No Load) 
tod 2.7 ns typ 
= 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 






TEST VOLTAGE VALUES 
Volts 












one gate. The other gates are tested in the same manner. @ Test 
-30°¢ © [-0890 _[-1.890 [-1.205 [ -1500 | -5.2_| 
kag eas PT a (Se 














Pe oat cee MC10104 Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BLEOW: 


(Vee) 


265 uAdc ae Me 
220 pAdc 
uAdc 
-0.810 | -0. pee -0.700 Vdc 12,13 
-0.810 | -0. pee -0.700 Vdc 
-1.650 | -1 ES 
-1.650 | -1 ES a 12,13 


al [i | aEaE 


i I 












Characteristic 


Power Supply Drain Current Aes eb ae: | 


Input Current 


Logic 1" 
Output Voltage 


Logic ‘’0" 
Output Voltage 

























Logic ‘'1" 
Threshold Voltage 







me 
each i, 
<—s3 a 





Lgoic “0” 
Threshold Voitage om 


12 
13 


= 






< 
+ 
~ 
o 
< 






Switching Times* 
(50-ohm toad) 
Propagation Delay 








12+15+ 
42-15- 
t42+49- 
t42-9+ 
413 +15+ 
13+9- 
t15+ 
tg+ 























Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 






*Inputs 4, 7, 10, and 13 will behave similarly for ac and ly}, values. 
Inputs 5, 6, 11, and 12 will behave similarly for ac and !j,44 values. 


MOTOROLA 


TRIPLE 2-3-2-INPUT 


OR/NOR GATE TRIPLE 2-3-2-INPUT 


OR/NOR GATE 
The MC10105 is a triple 2-3-2 input OR/NOR gate. 


Pp = 30 mW typ/gate (No Load) 
tod = 2.0 ns typ 
tr, t¢ = 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 


Characteristic 


Power Supply Drain Current | ole | 
Input Current 
Logic “1” VOH 
Output Voltage 
Logic ‘‘0"’ VOL 
Output Voltage 
Logic “1” VOHA 
Threshold Voltage 
Logic ‘‘0" VOLA 
Threshold Voltage 


Switching Times 
(50-ohm load) 


Propagation Delay 





TEST VOLTAGE VALUES 


(Volts) 








@ Test 
Temperature 
-30°C -0.890 -1.890 | -1.205 | -1.500 | -5.2_| 





sescc | -0.700 | -1.825 [| -1.035 | -1.440 | -5.2_ | 


Menoree Tes rims 
ee a ee (Vee! 
Max DMax |Win Gnd 
i ae 
26 





















Typ 
17 






| Min_| | Min | Max _| | 

a oe oe Fa EE (es Cn eee eee me CM Oe 
eee a es ee ee 2 ee 

el ioe eS ee Es eee 2a ee 
-1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 
aaa ae [eats sel eT 
Beer ie Rr 
-1.890 | -1.675 -1.650 | -1.825 | -1.615 Vde 





-0.910 Vdc 
-0.910 Vde 
-1.630 -1.595 Vde 
-1.630 -1.595 Vde 







geerey Prey rere 





tf: 
pfoefe=ln= 

—_ 

= 

o 








Rise Time 
(20 to 80%) 

Fall Time 

(20 to 80%) 







NW NOW NN WW 





MOTOROLA 


TRIPLE 4-3-3-INPUT 


TRIPLE 4-3-3-INPUT NOR GATE NOR GATE 


The MC10106 is a triple 4-3-3 input NOR gate. 


Pp = 30 mW typ/gate (No Load) 
tod = 2.0 ns typ 
tr, te = 2.0 ns typ (20%—-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


_ Each MECL 10,000 series circuit has been designed to meet the dc specifi- 

cations shown in the test table, after thermal equilibrium has been estab- 
_ lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 






TEST VOLTAGE VALUES 











shown for only one input and one output. The other inputs and outputs are 
Temperature ViH max ViL min VIHA min VILA max VEE 

“sore [77-0890 | -1890 [1205-100 [52 

+25°c | -0.810 -1.850 [| -1.105 | -1.475 T-5.2 | 








-0.700 -1.825 -1.035 _ -1.440 


oe aa Se (RT es 
[Fem oon conan |e Pe fat- fata = rea wee el 
mae oe 


see 
Ee etme ee ia a 
Logic ‘'1" 


~0.810 | -0.890 | -0.700 

Output Voltage -0.810 | -0.890 | -0.700 
Logic ‘‘0” -1.650 | -1.825 
-1.650 | -1.825 


+85°C 


















3 
2 
3 -1,890 | -1.675 | -1.850 
Output Voltage 2 -1.890 | -1.675 | -1.850 
Logic ‘"1”’ VOHA 3 -1,080 
Threshold Voitage 2 -1,080 
Logic *’0" VOLA 3 
Threshold Voltage 2 













Switching Times 
(50-ohm load) 






Propagation Delay 










Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 









MOTOROLA 


TRIPLE 2-INPUT EXCLUSIVE 
“OR” /EXCLUSIVE “NOR” 


The MC10107 is a triple-2 input exclusive OR/NOR gate. 


Pp = 40 mW typ/gate (No Load) 
tod = 2.8 ns typ 
tr, te = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 
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TRIPLE 2-INPUT EXCLUSIVE 
“OR” /EXCLUSIVE “NOR” 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


*NC = No Connection 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 


TEST VOLTAGE VALUES | 


Vina min | Yinamex | vee | 























@ Test 

Temperature 
“orc [70680 [190 [1206 | 1500 [52] 
125% [-oa0 | -1a00 | -1105_| 1475 | 52 | 
se5°c_[~-0700 | -18% [| -1035 | -1440 | -62 | 















MC10107 Test Limits 
Pin ©, © TEST VOLTAGE APPLIED TO PINS LISTED BELOW; *\ 
unser [s'est] wCCS Wee 
ee peewee et ee Vitamin | Vitamex | Yee | 6 


-0.890 -0.960 
~0.890 -0.960 






Characteristic 


Power Supply Drain Current 


input Current 49,14 
5,7,15 
Logic ‘1° VOH 
Output Voltage 


Logic ‘0°’ 
Output Voltage 





+ 
g 
















Logic ‘'1"’ 
Threshold Voltage 

















Logic ‘’0” 
Threshold Voltage 


WWNHN 









Switching Times (50 2 Load) 





























Propagation Delay Inputs Corresponding 
4,9o0r 14 Ex-OR/Ex-NOR 
to either Outputs 
Output 
Inputs Corresponding 
5,7, or 15 Ex-OR/Ex-NOR 
to either Outputs 
Output 





















o* 






Rise Time Any Input 


Corresponding 











20 to 80% 
( ) ) Matinee Ex-OR/Ex NOR 
Be aa ny Inpu Outputs 
.-) 





*Individually test each input applying V)}4 or Vy, to input under test. 
**Any Output 


LOLOLOIN 


MOTOROLA 


DUAL 4-5-INPUT 


DUAL 4-5-INPUT “OR/NOR” GATE “OR/NOR” GATE 


The MC10109 is a dual 4-5 input OR/NOR gate. 


= 30 mW typ/gate (No Load) 
2.0 ns typ 
= 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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_ shown for only one input and one output. The other inputs and outputs are 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 


- lished. The circuit is in a test socket or mounted on a printed circuit board 


and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2:0 volts. Test procedures are 






TEST VOLTAGE VALUES 
(Volts) 











tested in the same manner. @ Test 
-30°C [—-oss0 [sao | -iz0s [200 6.2 
+25°C 


Pin MC10109_ Test Limits TEST VOLTAGE APPLIED TO PINS BELOW: 
Under 
Characteristic symbol | _ Test ie noe | Rin a ie Via min | VILA max 
input Current 
High Output Voltage 


Low Output Voltage 7 
High Threshold Voltage VOHA 
Low Threshoid Voltage VOLA 


Switching Times 
(50-ohm load) 


Propagation Delay 




















1.060 | -0.890 | -0.960 -0.810 | -0.890 
4 .060 | -0.890 | -0.960 -0.810 | -0.890 








-1.890| -1.675 | -1.850 
-1,890} -1.675 | -1.850 
-1.080 -0.980 
-1.080 ~0.980 
-1.655 
-1.655 














-3.2V 
















Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 










WN. WN WWNN 





WNHTWN-WWNHN 





(M\) MOTOROLA 


DUAL 3-INPUT 3-OUTPUT 
“OR” GATE 


DUAL 3-INPUT 3-OUTPUT 


“OR” GATE 


The MC10110 is designed to drive up to three transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “OR” ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines from a single point 
makes the MC10110 particularly useful in clock distribution ap- L SUFFIX 
plications where minimum clock skew is desired. Three Vcc pins CERAMIC PACKAGE 
are provided and each one should be used. i CASE 620 





Pp = 80 mW typ/gate (No Load) P SUFFIX 

tog = 2.4ns typ (All Outputs Loaded) PLASTIC PACKAGE 
, CASE 648 

tr, tf = 2.2 ns typ (20%~80%) 


FN SUFFIX 
PLCC 
20; CASE 775 





LOGIC DIAGRAM 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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shown for only one input and one output. The other inputs and outputs are aren 
este ine esmemanner -ao°e [0990 [1800 [12068 [1500 [2 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 





TEST VOLTAGE VALUES 


(Volts) 


VIHA min_| VILA max 















+85°C 


[0.700 [185 [1095 [1440 52 









TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 





se —__- MC10110_ Test Limits 
| | | Under 
Characteristic Symbol 


ee ae a se 7 

ne So RG 

a 
ee oe ee Se ee age 


5.6.7 
Logic “1” -1.060 -0.890 ~0.960 -0.810 | -0.890 | -0.700 Vde 

Output Voltage -1.060 | -0.890 ~0.960 -0.810 | -0.890 | -0.700 Vde 
~1.060 -0.890 -0.960 -0.810 | -0.890 j -0.700 Vdc 
Logic *’0" 
Output Voltage 























Logic ‘'1" 
Threshold Voltage 












Logic “0” 
Threshold Voltage 






Switching Times 
(50-ohm load) 


Propagation Delay 






1,15,16 








Rise Time 
(20 to 80%) 











Fall Time 
(20 to 80%) 






PWN BWN PAWWNN 


*|ndividually test each input using the pin connections shown. 





= 
© 
=_ 
i] 
ok 
=_ 
i) 





(AA) MOTOROLA 


DUAL 3-INPUT 3-OUTPUT 
“NOR” GATE 


The MC10111 is designed to drive up to three transmission 
lines simultaneously. The multiple outputs of this device also 
allow the wire “OR’’-ing of several levels of gating for minimi- 
zation of gate and package count. 

The ability to control three parallel lines from a single point 
makes the MC10111 particularly useful in clock distribution ap- 
plications where minimum clock skew is desired. Three Vcc pins 
are provided and each one should be used. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pp = 80 mW typ/gate (No Load) 
tod = 2.4ns typ (All Outputs Loaded) 
tr, te = 2.2 ns typ (20%-80%) 


FN SUFFIX 
PLCC 
20, CASE 775 





LOGIC DIAGRAM ‘DIP 
PIN ASSIGNMENT 





2 
5 3 
Oe 4 
7 — 
12 
9 13 
10 ——— 14 
11 
Vcc1 = Pin 1, 15 
Vcc2 = Pin 16 
Vee = Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 





TEST VOLTAGE VALUES 


(Volts) 


[0.890 | -1.890 | -1205 | -1.600 | 52 | 


MC10111_ Test Li — 
Pin - ie TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under | #85c (Vcc) 
Symbol [| Min | tye [Max | Min | Max _| 


Test eae LVitimax | Vit min | VinAmin | VitAmax | Vee | Gna 

ee ee ee Bee ee es ee ee ees ee ee 
ee EEE 
ne ee ee ee ieee ae Pee ee ee eee | 115,16 _| 


1.060 | -0.890 -0.960 -0.810 = = 
4 .060 | -0.890 -0.960 -0.810 {; -0.890 a 408 Vde 
-1,060 }| -0.890 -0.960 -0.810 | -0.890 | -0.700 Vde 












@ Test 
Temperature 


-30°C 































Characteristic 


pieeemienoemcineal Ae 
Logic “1” eal 


Output Voltage 
VOHA 





1 
A 
1 




















7 
pos leee 
ee ee) 
ee 
oa {o oan 
Vw [a 
AADIM | HO 





Logic ‘0’ -1.650 
Output Voltage -1.650 
-1.650 





Logic ‘’1'’ 
Threshold Voltage 





-1 “080 -0.980 -0.910 — Vde 
-1.080 -0.980 -0.910 — Vdc 
-1 a -0.980 -0 Pa Vdc 








HE 
ee ee ee 


Logic "0" VOLA -1.655 -1.630 -1.595 Vdc 8 ; 
Threshold Voltage ~1.655 -1.630 ~1.595 Vde 8 ; 5, 16 
-1.655 -1.630 -1.595 Vdc Dan ,15,16 






Switching Times 
(50-ohm load) 


Propagation Delay 











Rise Time 
(20 to 80%) 











Fali Time 
(20 to 80%) 






1.4 15 [aa 1.16.16 
1.1 1.2 


hWN BWHN sell 





*Individually test each input using the pin connections shown. 


(A) MOTOROLA 


een” QUAD EXCLUSIVE 
OR GATE 
The MC10113 is a quad Exclusive OR gate, with an enable com- 
mon to all four gates. The outputs may be wire-ORed together to 
perform a 4-bit comparison function (A = B). The enable is active 
low. 





L SUFFIX 


Pp = 175 mW typ/pkg (No Load) CERAMIC PACKAGE 
tod = 2.5 ns typ CASE 620 
tr, t¢ = 2.0 ns typ (20% to 80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





LOGIC DIAGRAM 


TRUTH TABLE 


o = Don't Care 


Vcc1 = Pin 1 
Vcc2 = Pin 16 
Veg = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 











TEST VOLTAGE VALUES 












shown only for selected inputs and outputs. Other inputs and outputs are @ Test (Volts) 
tested in a similar manner. Temperature VILA max 
-30°C 








+25°C 






i} 
ol 
N m 






MC10113 Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Vil max VIHA min | ViLA max | VEE 









: VE 
0.800 | ~-1.800 | -1.205 | -1.500 | | 
Tsos10 [1.850 | 1.105 [1475] 52 
[0.700 [~=1.995 [1.005 [1.440 
(Vcc) 
Gnd 


ae ee 
. Under 
Characteristic Symbol Test | Min | 
Power Supply Drain Current | le | 8 | — | 


i e 
| tine | * | 0s 


Logic 1” VOH 2 
Output Voltage 














Logic *‘0” 
Output Voltage 










Logic ’’1" 
Threshold Voltage 










Logic '’0"’ 
Threshold Voltage 


5 
7 







11 
13 


z) 
2 


< 


Switching Times (50 & Load) | unit | +7.11V 
Propagation Delay 










Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 


*Individually test each input applying Vj} or V)_ to input under test. 










_ 
NO 





MOTOROLA 


TRIPLE LINE RECEIVER 


The MC10114 is a triple line receiver designed for use in sensing 


differential signals over long lines. An active current source and | 


translated emitter follower inputs provide the line receiver with 
a common mode noise rejection limit of one volt in either the 
positive or the negative direction. This allows a large amount of 
common mode noise immunity for extra long lines. 

Another feature of the MC10114 is that the OR outputs go to 
a logic low level whenever the inputs are left floating. The outputs 
are each capable of driving 50 ohm transmission lines. 

This device is useful in high speed central processors, mini- 
computers, peripheral controllers, digital communication sys- 
tems, testing and instrumentation systems. The MC10114 can also 
be used for MOS to MECL interfacing and it is ideal as a sense 
amplifier for MOS RAM’s. 

A Vp reference is provided which is useful in making the 
MC10114 a Schmitt trigger, allowing single-ended driving of the 
inputs, or other applications where a stable reference voltage is 
necessary. See MECL Design Handbook (HB205) pages 226 and 
228. 


Pp = 145 mW typ/pkg 
tod 2.4 ns typ (Single Ended Input) 
tod = 2.0 ns typ (Differential Input) 


2.1 ns typ (20% to 80%) 


LOGIC DIAGRAM 


esky 
VBB* 
Vcc1 = Pin 1 


Vcc2 = Pin 16 
Veg = Pin 8 


*VBp to be used to supply bias to the MC10114 only and bypassed (when used) with 


0.01 uF to 0.1 uF capacitor to ground (0 V). Vgg can source < 1.0 mA. 


When the input pin with the bubble goes positive, its respective output pin with 
bubble goes positive. 
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TRIPLE LINE RECEIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 






TEST VOLTAGE VALUES 


vinamin| Minames | vos_|¥oni*| Yun” vow | ine 












eeacesehs 
-30°C ee Fane osop ast aot se 
+25c | -0.810 | -1.850 | 1.105 | -1.475 Pe 
vase [0.700 [ -1825 [1058 [1440] _11_ [+0300] -osas [1700-2075] “52 












Pin Sere a = TEST VOLTAGE APPLIED TO PINS BELOW: 
Under |___-30°C__| (Vee! 
Characteristic VIHA min | VILA max vee | ViHH* =a ae ViLL* I vee | ¢ 


Input Current 










Logic ‘‘1’’ Output Voltage 






Logic ‘0’ Output Voltage 
VOHA 71.080 “0.980 “0.910 Vde 5,10,13 8 

Pegie: 1 Uheeshors Voltage a -1,080 -0.980 -0.910 vde | 9,12 510,13 8 

Logic “O" Threshold Voltage VOLA : a F 3 tS eee 


Reference Voltage | Vide | 
Common Mode Rejection Test = 1420 1200 890 cE mel 1280 BE 890 Ex 700 | Vdc 
-1. pod -0.890 | -0. peed -0.810 | -0.890 | -0.700 | Vdc 

-1.890 | -1.675 | -1.850 -1.650 { -1.825 Vdc 

-1. —- -1.675 | -1.850 -1.650 | -1 ie] Vde 











fe ts) 














Switching Times (50-ochm Load) 
Propagation Delay 


Rise Time (20% to 80%) 


Fall Time (20% to 80%) 


WN WON WWAH ND 





*ViIHH — Input logic “1” level shifted positive one voit for common mode rejection tests 
VILH — Input logic “0” level shifted positive one volt for common mode rejection tests 
VIHL — Input logic “1” level shifted negative one volt for common mode rejection tests 
VILL — Input logic “0” level shifted negative one volt for common mode rejection tests 


| Max | Min | Typ | Max | Min | siti 
ig i i i i i i ie Pelee 5,10,13 1,16 
| i i \ | | 


= 
© 
= 
oS 
= 
= 
> 





(MA) MOTOROLA 


alae ah ci QUAD LINE RECEIVER 

The MC10115 is a quad differential amplifier designed for use 
in sensing differential signals over long lines. The base bias sup- 
ply (Vgp) is made available at pin 9 to make the device useful as 
a Schmitt trigger, or in other applications where a stable reference 
voltage is necessary. 

Active current sources provide the MC10115 with excellent 
common mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to Veg 
(pin 9) to prevent upsetting the current source bias network. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 110 mW typ/pkg (No Load) 
tod = 2.0 ns typ 
ty, te = 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE & 
CASE 648 6} 





FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


*Vpp to be used to supply bias to the MC10115 only and bypassed (when used) 
with 0.01 uF to 0.1 uF capacitor to ground (0 V). Vgg can source < 1.0 mA. 


When the input pin with the bubble goes positive, the output goes negative. 
Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS © 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 










EST VOLTAGE VALUES 
















@ Test u 
Temperature 
+as%c [-0810 | -1850 | -1105 | -1475 | Pin 


MC10115 Test Limits 


Pi 
Under |___ 30% stot 
Symbol 







TEST VOLTAGE APPLIED TO PINS LISTED BELOW: ; 


‘Ga 
Pmade | - [arsorat - | - | seania |e | 1.16) 
[s5 [unde [4 | 7aors [| | seania | a _[ ate | 
[= ae [8 
el SK 
see Oe a CK 
ar ae Ea XK 
a ae ae Es 


Characteristic Test 


| Min | 
[PowerSupply Drain Current | te | 8 | 


Input Current 


‘Logic ‘'1’’ Output Voltage 
Logic *’0"’ Output Voltage 






















mee eT ae 


| -1.850 | -1.650 | -1.825 | 
p= [-osso | — | -090| 
(eige  ees [oe 














5,6,11,12 


5,6,11,12 





Reference Voltage 


Switching Times (50 {2 Load) 
Propagation Delay 















2 8 



















Rise Time (20% to 80%) 
Fall Time (20% to 80%) 





Ss 
?) 
== 
—) 
oh 
=a 
oI 





(AA) MOTOROLA 


TRIPLE LINE RECEIVER 
TRIPLE LINE RECEIVER 

The MC10116 is a tripie differential amplifier designed for use 
in sensing differential signals over long lines. The base bias sup- 
ply (Vgp) is made available at pin 11 to make the device useful 
as a Schmitt trigger, or in other applications where a stable ref- 
erence voltage is necessary. 

Active current sources provide the MC10116 with excellent 
common mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to Vaz 
(pin 11) to prevent upsetting the current source bias network. 

Complementary outputs are provided to allow driving twisted 
pair lines, to enable cascading of several amplifiers in a chain, or 
simply to provide complement outputs of the input logic function. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pp = 85 mW typ/pkg (No Load) 
tod = 2.0 nS typ 
tr, te = 2.0 ns typ (20%-80%) 





FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM 
PIN ASSIGNMENT 


Vcc1 = 
Vcc2 = 
VEE = 


*Vpp to be used to supply bias to the MC10116 only and bypassed (when used) 
with 0.01 4F to 0.1 4 F capacitor to ground (0 V). Vgg can source <1.0 mA. 


When the input pin with the bubble goes positive, the output pin with the 


ae Pin assignment is for Dual-in-line Package. 
bubble goes positive. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 





















-s0®¢| 0890 | -1390 | -1205 | 1800 pan [82 
saan : 


















asl ee ee ee a 
ae ee res ae ee ee 
et OT 









Characteristic Symbol Test 


: MC10116 Test Limits 
Pin = ° o TEST VOLTAGE APPLIED TO PINS BELOW: 
Under SS aT TE ee 









aa 
CE He 2 a A (LY 
i a [= 510.13 39a 


-1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde = 12 5,10,13 8 
-~1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 9, we 5,10,13 8 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde rig 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde eo 
- 1.080 - 0.980 -0.910 Vdc 9,12 
- 1.080 -0.980 -0.910 Vde 9, 12 
- 1.630 - 1.595 Vde 9,12 
: ~ 1.630 -1. aes | ca 9,1 12 


3.1 1.0 2. - z 
3.6 1.1 ; ‘ 


somos fi 
ino rd 


Reference Voltage | VeB 


Switching Times (50 82 Load) 


5,10,13 8 
§,10,13 8 
5,10,13 8 1,16 
5,10,13 8 1,16 
5,10,13 8 
5,10,13 8 


= _[ssoxs{_a | tae | 











Propagation Delay 


—_ 





—_ 


Rise Time 
(20% to 80%) 

Fall Time 

(20% to 80%) 





WN WN =H 





—«_—— -, 
<—_ 
._ 





| (MA) MOTOROLA 


DUAL 2-WIDE 2-3-INPUT 
“OR-AND/OR-AND-INVERT” 
GATE 


DUAL 2-WIDE 2-3-INPUT 
“OR-AND/OR-AND-INVERT” 
GATE 


The MC10117 is a general purpose logic element designed for 
use in data control, such as digital multiplexing or data distri- 
bution. Pin 9 is common to both gates. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 100 mW typ/pkg (No Load) 
tod = 2.3 ns typ 
tr, te = 2.2 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


Vcc1=Pin 1 
Vcc2=Pin 16 
VEE = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 






TEST VOLTAGE VALUES 
















(Volts) 
@ Test 
eee 
-30°C | -0.890 | -1.890 | -1.205 | -1500 | -5.2 | 
vas°c [0810 | 1.850 | -1.108 | -1475 | 82 | 







+85°C 





| -0.700 | -1.825 | -1.035 | -1440 | -52 | 
Pin Betis eniE ions TEST VOLTAGE APPLIED TO PINS 
ace er ae gilli date hel de tetaielt 


(Vec) 
Gri 
Input Current uAdc 
uAdc 
= phAdc 
| 05 | ae ae el 


in Seal feces Sete Ee 
-1.060 -890 | -0.960 -.810 | ~0.890 700 | Vdc 
-1.060 | -0.780 | -0.960 -0.700 | -0.890 | -0.590 | Vdc 
-1890 | -1.675 | -1.850 -1.650 | —1.825 Vde 
-1890 | -1.675 | -1.850 _-1.650 | —1.825 Vde 

















Characteristic 





Logic ‘'1’’ Output Voltage 


Logic ‘0’ Output Voltage ss 


Logic ‘'1’’ Threshoid Voitage | VoHA 
Logic ‘‘0’’ Threshold Voltage | VOLA 


Switching Times (50 2 Load) 






- 1.080 -0.980 -0.910 Vde 
- 1.080 ~0.980 ~0.910 Vde 
-1.630 - 1.595 Vde 
- 1.630 ~1.595 Vde 


ant 
| 


















Propagation Delay 1.4 2.3 3.4 
Rise Time 0.9 1 2.2 4.0 1. 









(20 to 80%) 


Fall Time 
(20 to 80%) 





«= 


PLAT 


8 
8 
8 
8 
8 
8 
8 
8 
[Pulse tn | Pulse Out | -32v | -20v | 





* Inputs 4, 5, 12 and 13 Have Same lin H Limit 
Inputs 6, 7, 10 and 11 Have Same lin Limit 


LLLOLOW 


(MA) MOTOROLA 


DUAL 2-WIDE 3-INPUT 
“OR-AND” GATE 


The MC10118 is a basic logic building block providing the OR/ 
AND function, useful in data control and digital multiplexing 
applications. 


Pp = 100 mW typ/pkg (No Load) 
tpad = 2.3 ns typ 
tr, t¢ = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vcci1 = Pin 1 
Vcc2 = Pin 16 
Vege = Pin8 
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DUAL 2-WIDE 3-INPUT 
“OR-AND” GATE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX AT 
PLASTIC PACKAGE ane 


CASE 648 16 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Vcec2 
Bout 
Blin 
Blin 
Blin 
B2in 
B2jn 


A2jn, B2in 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 


Pin MC10118_ Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Unter [38S : nee 
Characteristic symbot_ | Test_[ Min | Max | Min Typ | Max | Min | Max Views min | VILA max Gnd 







@ Test 
Temperature 


-30°C 
+25°C 
+85°C 


























[Power Supply Drain Curent’ | tc | @ | -| | - | 2] 2 | -| | mac] - | - | - | 
ee wee eee yi EAR ESE 
390 245 y 7 
560 350 9 
MHHBRIBRHei | iit 
Y } Y ' yi 
9 
7.060 eae neel er el 
ane a Se 
Ed 






ono 


=a00 |-1.675| 1280 | [1.660 |-ve5|-1.616| vac | - | 
oso] - [ose - | — |-oatol - | vac | 9 3 
p — [ass|— | — [-ves0 | — Fasee[ vee [ 


Switching Times (50 2 Load) 
Propagation Delay 


















t6+2+ 
te-2- 
t+ 
t- 





Rise Time (20 to 80%) 
Fall Time (20 to 80%) 






2 
* Inputs 3, 4, 5, 12, 13 and 14 Have Same lin Limit 
inputs 6, 7, 10 and 11 have same lin H Limit 





(A) MOTOROLA 


4-WIDE 4-3-3-3-INPUT 
“OR-AND” GATE 


4-WIDE 4-3-3-3-INPUT 
“OR-AND” GATE 


The MC10119 is a 4-Wide 4-3-3-3-Input OR/AND gate with one 
input from two gates common to pin 10. 


Pp = 100 mW typ/pkg (No Load) 
tod = 2.3 ns typ 
tr, tf = 2.5 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Vcci = Pin 1 
Vcc2 = Pin 16 
Veg = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 











TEST VOLTAGE VALUES 


(Volts) 
ViH max VIHA min | VitAmax | VEE 
(Vcc) 
Gnd 









Temperature 
-30°c | -0.890 | -1890 | -1.205 | -1500 | -5.2 | 
vasec | -o810_| -1.850 | -1.105 | -1475 | -52 | 
+sec | 0700 | -1.825 | -1035 | -14a0 | -52 | 





MC10119_ Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


ViH max VIHA min 











Pin 
Under |__-30°C__| 


Test 





m 


VILA max E 


3,10,15 


< 
ie) 






NO 


—-l 


+1.11V 
10,13 


Pulse Out ~3 


< 
+ 
N 
° 
< 


Switching Times (50 2 Load) 
Propagation Delay 





Rise Time (20 to 80%) 
Fall Time (20 to 80%) 





Qa 
fe) 
= 


—2 
“n 
—: 





* Inputs 3,4,5,6,7,9,11,12,13,14,15 Have Same lin H Limit 


MOTOROLA 


4-WIDE 
“OR-AND/OR-AND-INVERT” GATE 


The MC10121 is a basic logic building block providing the si- 
multaneous OR-AND/OR-AND-INVERT function, useful in data 
control and digital multiplexing applications. 


Pp = 100 mW typ/pkg (No Load) 
tod 2.3 ns typ 
= 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vec1 = Pin 1 
Vcc2 = Pin 16 
Vege = Pin 8 
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4-WIDE 
“OR-AND/OR-AND-INVERT” 
GATE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tabies on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 






MC10121 Test Limits 




















Output Voltage 


Logic “0” VOLA 
Threshoid Voltage 


Switching Times 
(50 2 Load) 


Propagation Delay 


Logic "1" VOHA 
Threshold Voltage 













Rise Time 
(20 to 80%) 

Fall Time 

(20 to 80%) 







3 \ | i i i \ 

3 

2 

2 

3 | | | 25 | | 46 
2 

3 

2 


*This is advance information and specifications are subject to change without notice. 








-1.890 | -1.675 -1.850 -1.650 | -1.825 Vde 4,10,13 
-1.890 | -1.675 -1.850 -1.650 | -1.825 Vde 
- 1.080 -0.980 -0.910 Vde 
= .080 -0.980 -0.910 Vde 
- 1.630 Vde 
-1.630 Vde 


a | 





TEST VOLTAGE VALUES 
(Volts) 


a 
[0190 [1290 | -1208 | -1500 | -62 | 
Posie | -1860_[ -1.108 [1475 | 52 | 
[07700 | =1895 | -1.036 [1.440 | 52 












Pin TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under ae Thee eee ni “ 


Characteristic Symbol |_Test_[" Min | Max | Min | Tye | Max | Min | Max | Vina min | VILA max 
Pe f - |» | - {20 a ae ena a a ee 

Input Current 7 390 uAdc 1,16 
9 390 y ’ 
10 495 
7 0.5 Fi 0.3 uAdc 1,16 
mo | ' 
10 

Logic ‘1°’ 3 -1.060 | -0.890 -0.960 ~-0.810 -0.890 -0.700 Vdc 

Output Voltage 2 -1.060 } -0.890 -0.960 ~0.810 -0.890 -0.700 Vde 4, 10, 13 

Logic ‘‘0’’ 3 1,16 
2 1,16 
'3 
2 
3 
2 


-3.2V 








(MA) MOTOROLA 


TRIPLE 4-3-3 INPUT 
BUS DRIVER 


The MC10123 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with Vo, = —2.1 Vdc so that the bus may be 
terminated to — 2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10123 are “‘turned-off.” This eliminates discontinuities 
in the characteristic impedance of the bus. 

The Vow level is specified when driving a 25-ohm load termi- 
nated to — 2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped- 
ance that can be driven by the MC10123, higher impedance values 
may be used with this part. A typical 50-ohm bus is shown in 
Figure 1. 


Pp = 310 mW typ/pkg (No Load) 
tod = 3.0 ns typ 
tr, te = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


FIGURE 1 — 50-OHM BUS DRIVER 
(TYPICAL APPLICATION) 
1/3 MC10123 


1/3 MC10123 1/3 MC10123 


Zo = 5020 


50 0 


RECEIVERS (MECL Gates) 
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TRIPLE 4-3-3 INPUT 
BUS DRIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


| DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 25-ohm resistor to — 2.1 volts. Test procedures are 
shown for only one input an one output. The other inputs and outputs are 
tested in the same manner. 






TEST VOLTAGE VALUES 














@ Test - : 
-soec [0490 | -1.890 | -1.205 | -1500 | 82 
asec [0810 | -1.850 | 1.108 | 1478 | 52 






















Characteristic 


Power Supply Drain Current 








oo eee eee eee : ies 

Srmbot_| ‘Test [Win [Max [Win | Tye [Mow [ Win [ Wax | Uni on 
11,12,13,14 i: 

= 


ian he 





Input Current 






ee OP Hiei Se 0 ee 
Logic "1" > VOH 3 -0.890 | -0.960 aa -0.810 | -0.8 eae 
Output Voltage =o ise 
Logic “0” OT Vo 








-2.030 4,5.6,7,9,12 
ie ES 


is eee 912 







Output Voltage Peed 


Logic “1” -~Vona |. 3 |-1.080 -0.980 
Threshold Voitage é 


890 
“= 






Logic “0” -2.010 ea 


Threshold Voltage — 















Switching Times 
(25-ohm load) 







Propagation Delay 1.2 
1.2 
Rise Time 1.0 








(20 to 80%) 


Fall Time 
(20 to 80%). 


(MA) MOTOROLA 


QUAD TTL TO MECL TRANSLATOR 


The MC10124 is a quad translator for interfacing data and con- 
trol signals between a saturated logic section and the MECL sec- 
tion of digital systems. The MC10124 has TTL compatible inputs, 
and MECL complementary open-emitter outputs that allow use 
as an inverting/non-inverting translator or as a differential line 
driver. When the common strobe input is at the low logic level, 
it forces all true outputs to a MECL low logic state and all inverting 
outputs to a MECL high logic state. 

Power supply requirements are ground, +5.0 Volts, and —5.2 
Volts. Propagation delay of the MC10124 is typically 3.5 ns. The 
dc levels are standard or Schottky TTL in, MECL 10,000 out. 

An advantage of this device is that TTL level information can 
be transmitted differentially, via balanced twisted pair lines, to 
the MECL equipment, where the signal can be received by the 
MC10115 or MC10116 differential line receivers. The MC10124 is 
useful in computers, instrumentation, peripheral controllers, test 
equipment, and digital communications systems. 


= 380 mW typ/pkg (No Load) 
tod = 3.5 ns typ (+ 1.5 Vdc in to 50% out) 
tr, tf = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


Gnd 
Vcc (+5.0 Vdc) 
Veg (—5.2 Vde) 
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QUAD TTL TO MECL 
TRANSLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX aA 
PLASTIC PACKAGE reat 


CASE 648 16 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Bout 


Aout 


Bout 


Aout 
Ain 


Common 
Strobe 


Bin 


VEE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one translator. The other translators are tested in the same 
manner. 






me TEST VOLTAGE/CURRENT VALUES 























@ Test ae 
-s0%c [+40 [40.40 | +200 [+110 | +040 | 3240] +500 | 52 | 10 | +10 | 
#25°C 





+85°C 










Characteristic 





TEST VO LTAGE /CURRENT APPLIED TO PINS LISTED BELOW: 
ae oe Vin 
Hot Bi Aan War 98 Ne 
ell ballon 
eas 






Negative Power Supply 
Drain Current 









Positive Power Supply 5,6,7,10,11 


Drain Current 











Ss 
© 
=_ 
=) 
ok 
NO 
= 


uAdc 
pAdc 


—12.8 ) mAdc 

-3.2 mAdc 
Vde 
Vdc 





Reverse Current 


J 
Input Breakdown Voltage ; 

Vv : Vdc 

ee : Vde 

High Output Voltage VOH -1.060 | -0.890 ; -0.960 ~0.810 | -0.890 | -0.700 Vde 

| -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 

Low Output Voltage VoL ~1.890 | -1.675 | -1.850 ~1.650 { -1.825 | -1.615 Vdc 

-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 





5,7,10,11 





oO 


> 
2. 
a 


NO] | 





nD 
alNalwoa!o 
| | 1 | 
; | 
wplas 
VOICS 
eS Pee 
~ nla 
Noles 


ns 9 : 
a Sinz 9 ; 





















Clamp Input Voltage 





ive] 
< 
3 
“SN OT~N 
laa 
Ooi 
og 
oro 





e-fe- 


wna 


High Threshold Voltage VOHA -1.080 -0.980 - ~-0.910 Vde 
~1.080 -0.980 - -0.910 Vde 

Low Threshold Voltage 1 ~1.655 ~1.630 -1.595 Vdc 
3 -1.655 -1.630 ~1.595 Vde 


Switching Time (50-92 toad) 


Propagation Delay 
(+3.5 Vde to 50%)@ 


fon) 
yl 








+6.0 Vde +7.0 Vde 



































Rise Time (20% to 80%) 


@ 
| ~ 
— Belpee dt dep 


<=——__—__—__—_- 


Fall Time (80% to 20% } 


ff | 





@ See switching time test circuit. Propagation delay for this circuit is specified from +1.5 Vdc in to the 50% point on the output waveform. The +3.5 Vdc is shown here because ail logic and supply levels are shifted 2 volts positive.) 





SWITCHING TIME TEST CIRCUIT 


Vout 
Vin +6.0 Vde AND 
0 O 
Coax 0.1 UF T Coax 
DD —t > 


Input 


(2) 


Pulse Generator 


e 
Input Pulse =e Unused outputs 
connected to a 

e 


tt =t-= 5.54+0.5 ns 
(10 to 90%) 50-ohm resistor 
to ground. 








0.1 ses 25 rele 


50-ohm termination to ground lo- ca = 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TPoyz to output pin. 


NOTE: All power supply and logic levels are shown 
shifted 2 volts positive. 
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MOTOROLA 


QUAD MECL TO TTL 
TRANSLATOR 


The MC10125 is a quad translator for interfacing data and con- 
trol signals between the MECL section and saturated logic sec- 
tions of digital systems. The MC10125 incorporates differential 
inputs and Schottky TTL “‘totem pole” outputs. Differential inputs 
allow for use as an inverting/non-inverting translator or as a dif- 
ferential line receiver. The Vpp reference voltage is available on 
pin 1 for use in single-ended input biasing. The outputs of the 


MC10125 go to a low logic level whenever the inputs are left . 


floating. 

Power supply requirements are ground, +5.0 Volts and —5.2 
Volts. Propagation delay of the MC10125 is typically 4.5 ns. The 
MC10125 has fanout of 10 TTL loads. The dc levels are MECL 
10,000 in and Schottky TTL, or TTL out. This device has an input 
common mode noise rejection of + 1.0 Volt. 

An advantage of this device is that MECL level information can 
be received, via balanced twisted pair lines, in the TTL equipment. 
This isolates the MECL logic from the noisy TTL environment. 
This device is useful in computers, instrumentation, peripheral 
controllers, test equipment and digital communications systems. 


Pp = = ~—- = 380 mW typ/pkg (No Load) 
tod = 4.5 ns typ (50% to + 1.5 Vdc out) 
ty, ty = 2.5 ns typ (1.0 V.to 2.0 V) 


LOGIC DIAGRAM 


Gnd Pin 16 
Vcc (+5.0 Vde) = Pin 9 
Vee (—5.2 Vdc) Pin 8 


*VBp to be used to supply bias to the MC10125 only and bypassed (when used) 
with 0.01 uF to 0.1 uF capacitor to ground (0 V). Vgp can source < 1.0 mA. 


When the input pin with the bubble goes positive, the output goes negative. 
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MC10125 


QUAD MECL TO TTL 
TRANSLATOR 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; ’ CASE 775 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





Lv-e 








ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit nas been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Test pro- 
cedures are shown for only one translator. The other transiators are tested 
in the same manner. 


@ Test 
Temperature 


MC10125 Test Limits 
Pin 


Under |___-30°C___| 
Characteristic — Test | Min | Max| Min | 


Negative Power Supply mAdc 
a eee ee 
ae a ES ee ee ee ee Be Bee 
pilots (ae ec CS Ks I a O ee ey ea ce eae ae ea pe aes EL 
ee ee ee ee ee ee ee ee ee ee Ee 
[inputteakegecurens | iogo | 2 | - fist - | - | 10 | - [tof wae] - 7 - | - | - |-|-|- | —- jarani 
Gl a As 10,14 PF - [| - | i a 7.1145 
a Ee ee eS eS ee as 


| Positive Power Supply L+H 
Linput Current tin @ | 2 | - sof - | 
[High Output Verses von | 4 | 25] -| 23 [| - | - | 


Fon Gumor Varese] vot] a= ae] vee | 


cz Threshold Voltage VOHA 
Low Threshold Voltage VOLA 


Indeterminate Input VOLSs1 
Protection Tests 


—————EE 
P40 [= 100 | 





-30°C -0.890 | -1.205 | 
+25°C -0.810 -1.850 | -1. — 
+85°C -0.700 -1.825 { -1.035 


TEST VOLTAGE VALUES 
(Volts) 


Vit min ee ee at aur a — 


F-1-500_[0110)-0.890/7.890{ 2890 | — ror 
[=1475_[rorso|-oas0f7.810[-2050] bin 
[1420 froseof-oses|1.700|-2005 |] 1 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


S| om [om Da Vina 


Mian Miva Vicd | Vine | Vite 
ina 3,7,11,15 


3,7,11,15 











p= es = os = os vec enor [= = as 











KS a a A 9 Oe a TAA 
rea 61.28 | 1380 [| 1.280 | =1.206 [1.180] vac | 26.10.14 | ee EYAL 


Common Mode 4 25 2.5 
Rejection Tests 4 2.5 2.5 


Switching Times 


Propagation Delay 
(50% to +1.5 Vdc) 


Rise Time (+1.0 Vdc to 2.0 Vde} 
Fall Time (+1.0 Vdc to 2.0 Vdc) 





® Individually test each input, apply Vi} max to pin under test. 


ae In Cy (pF) 


ns 25 
4 
2 4 


VoL 4 0.5 2 
4 0.5 





Tite | 





Vcc 
+5.0 
+5.0 
+5.0 











2,6,8,10,14 


2,3,6,7 8, 
10,11,14,15 





Output 
Condition 


-2.0mA 


62a 
mc SETS 


20mA 


ea | 


ie ae oe 





SWITCHING TIME TEST CIRCUIT 


450 







Pulse Generator 





input Pulse . ives 
tt = t- = 2.0+0.2 ns 
(20 to 80%) 
~1.69 Vdc O 


C. = 25 pF, including test fixture 


One input from each gate must be tied to Ves 


50-ohm termination to ground io- 
(Pin 1) during testing. 


cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TP out to output pin. 
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BUS DRIVER 

The MC10128 is designed to provide outputs which are com- 
patible with IBM-type bus levels; or, if desired, it will drive TTL 
type loads and/or provide TTL three-state outputs. The inputs BUS DRIVER 
accept MECL 10,000 levels. The MC10128 output ieveis can be 
accepted by the MC10129 Bus Receiver. 

The operating mode IBM or TTL is selected by tying the external 
control pins to ground or leaving them open. Leaving a control 
pin open selects the TTL mode, and tying a control pin to ground 


selects the IBM mode. 

The TTL mode will drive a 25-ohm load, terminated to +1.5 
Vde or a 50-ohm load, terminated to ground. The device has 
totem-pole type outputs, but it also has a disable input for three- 
state logic operation when the circuit is used in the TTL mode. 
When in the high state the disable input causes the output to 
exhibit a high impedance state when it would normally be a pos- 
itive logic “1” state. When the strobe is in the high state it inhibits 
the output data in the low state. 

Latches are provided on each data input for temporary storage. 
When the clock input is in the low logic state, information present 
at the data inputs D1 and D2 will be fed directly to the latch output. 
When the clock goes high, the input data is latched. The outputs 
are gated to allow full bus driving and strobing capability. 

The MC10128 is useful in interfacing and bus applications in 
central processors, mini-computers, and peripheral equipment. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM PIN ASSIGNMENT 


CONTROL 1 
013 


Q2 Q1 


Strobe Vcc 


RESETS 
DISABLE 10 
DISABLE 2° 


6 
D20 


Control 2 Control 1 
Disable 2 Disable 1 
D2 


VEE 


CONTROL 2 
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ELECTRICAL CHARACTERISTICS — TTL MODE 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. 





1 Pin MC 10128 Test Limits 
Under |_-30°C | +25°C_ | +85°C 
Characteristic Symbol Test 


Negative Power Supply 
Drain Current 

Positive Power Supply lec 
Drain Current 


linH 
1 
1 
1 


A 


Logic ‘1° Vou 
Output Voltage 
OL 


Input Leakage Current 





Logic .’’0” Vv 1 0.5 Vdc 3 
Output Voltage 2 0.5 Vde 3 


Logic ‘’1" 1 
Threshold Voitage 2 


Logic “0” — VOLA 
Threshold Voltage 


Switching Times T 
Propagation Delay 









Data Input t11415+ 
t11-15- 
t10-15+ 
t10-15- 






Cfock Input 





























Reset input t7+45- 
17+2- 
STROBE Input t3+15- 
t3-15+ 
t34+2- 
t3-2+ 
Setup Time tsetupH 
tsetupL 
Hold Time thoidH 
tholdL 
Rise Time (20% to 80%) t45+ 


Fall Time (20% to 80%) t45- 


* Apply Vitmin individually to pin under test. © A pulse is applied to pin 10. 
@ Output latched to logic Low state prior to test. 
@ Output latched to logic High state prior to test. 

t See waveforms 



























TEST VOLTAGE/CURRENT VALUES 





TEST VOLTAGE VALUES mAdc 
Volts 
Temperature Vittmax ViHAmin 


@ Test 


[1.205 | 


-30°C | -0.890 -1.205 
+85°C -0.700 | -1.825 
























7,10 3 
Vde 7,10 3 


-0.890 V |-1.690 V 
Vi 


LU 


Vita—am jaa— 100 nsec min 





uAdc 


m 
m 


ViLAmax | V 
-1.500 | -5. 


-1.475 = 


N 


+56 
56 
+56 


+ 


r 


o 
N 


t 
on 


t 
ol 
N 


Q 
oO 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


ViLAmax | VEE lor 


pL 


N 
ah 
on 


2,15 


© 


NN 
—_ = 


ao 


ah wk 
[omo) 
© 


: ——z 9 








= at 
eb met | ed ed | ed ae | ek wee 
AAIAAIAH!( AMD 


_ 


NN 
(i, <) SP ee 
an 
—s 
See aera ina, ee [el = o 
~~ 0 2 
A on ne : 


ah ak 
OOO Wl oO O)H O} wo 


~~ 


1,2, 9 15,16 
1,2, ,9 15,16 


LS-€ 


ELECTRICAL CHARACTERISTICS 7 : eee 
— IBM MODE 
Each MECL 10,000 series circuit has been 


designed to meet the dc specifications RESETO TEST VOLTAGE/CURRENT VALUES 
shown in the test table, after thermal OS*t\F'3 TEST VOLTAGE VALUES mAdc 
equilibrium has been established. The Volts 
circuit is in a test socket or mounted ona : . @ Test 
printed circuit board and transverse air re °°2 Temperature Vittmax uni VIH Amin Ve clon 
flow greater than 500 linear fpm_ is -30°c | -0.890 | -1.890] -1.205 | -1500 | - -230 
-230 
230 
Pin MC 10128 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
under |_-30° [+258 | +a5° 


maintained. +25°c | -0. 810 BE Rae -1.475 


O4 
Negative Power Supply 
Drain Current 
Positive Power Supply 
Drain Current 


STROB 
Input Leakage Current a 












iJ 
i) 


iv] 








r 


a on 
nN iS) 
+ 
n 
° 
o 





Qaria 
a aaa 


Vitimax Vit Amax 


° 
r 


_ 
° 
~ 


1,4,9,13,16 
1,4,9,13,16 


1,4,9,13,16 


tise 


~ 
w 











oe 


Vde 


Logic * 3.11 Vde 2,15 1.4 9. 13,16 
Seto Voltage _ Vdc ~ 1.49,13,16 = 
Logic “ 15 Vde 1.4.9,13,16 © 
Saat Voltage 1,4,9.13,16 r=) 
Logic 1" VOHA 3.11 10 =@ 2,15 1,4,9.13,16 = 
Threshold Voltage = 10 @ 2,15 1,4,9,13,16 3 


7,10 
7,10 


-0.890 V j-1.690 V 


2.15 1,4,9,13,16 
2,15 1,4,9,13,16 
1,2,4,9,13,15,16 
1,2,.4,9 13,15,16 


1,4,9,13,16 


w 
nN 
oo 


3 3le 
a a 


WwW 
N 


Logic ‘’0"’ VOLA 
Threshold Voltage 
Output Short Circuit Current Teac 


Switching Times t 
Propagation Delay 


ats 
awn 


Data input 14415+ 1.0 21 1.0 
t11-15- 21 

Clock Input t10-15+ 20 
t10-15- 1 20 

Reset Input t7+15- 29 
t7+2- 20 

STROBE Input t3+15- 21 
3-154 21 

13+2- 21 

t3-2+ 21 

Setup Time tsetupH - - 
tsetupL = = 

Hold Time thoidH a = 
tholdL = = 

Rise Time (20% to 80%) t45+ 1.0} 8.0 


Fall Time (20% to 80%) t15- 1.0 | 8.0 


~_ 
tn | 
1 O 


_ _ 





° o ~J N N N pa ee 





-_ — 


15 8 
2 
15 
15 
2 
2 
15 





* 


Apply Vit min individually to pin under test. ® A pulse is applied to pin 10. 
@ Output latched to logic Low state prior to test. 


= 
< 
=z 


@® Output latched to togic High state prior to test. 


Vv - 
t See waveforms iLA—a> jwa— 100 nsec min 








SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C — TTL MODE 


Cc 
+5.0Vde © O © +5.0 Vdc 








0.1 WF 5 
i oax 
van ae CONTROL 1 
= P13 ge 
ne ae, eat as a ae eS, i ee 
~ 7 
Coax 11 | | 950 
O | 280 
115 
10 | fi 6 
Input 0 cork 25 All Diodes 
| l MMD7000 
Pulse Generator 7 or Equiv. 
3 e 
Input Puise 12 | = 75 Vv 
tt=t-= 2.0+0.2 ns O 
(20 to 80%) | = = 
‘PRF = 1.0 MHz | 
Vin = -0.89V | CL = 20PF, including test fixture 
ViL = -1.69 V | ° | 
2 
| 7, 
) | 
| 
O | | 






O 4 (Control 2) 


se BEF 


-5.2 Vdc 
VEE 


-0.89 V 
50-ohm termination to ground lo- 


cated in each scope channel input. 
-1.69 V 


All input and output cables to the 
-0.89 V scope are equal lengths of 50-ohm 

coaxial cable. Wire length should be 

< 1/4 inch from TPjp7 to input pin 
-1.69V and TP oyt to output pin. 
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SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C — IBM MODE 


Vcc Vout 


Coax 


ee EF 
Ai 


013 


CONTROL 1 







Coax 11 | 450 
O 


Input We 


Pulse Generator 


Input Pulse = 
tt=t-= 2.0+0.2ns 1 - 
(20 to 80%) C, = 50PF, including test fixture 
PRF = 1.0 MHz 
Vin = -0.89:V 6 
Vit = -1.69V 


50-ohm termination to ground fo- 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be 
< 1/4 inch from TPj, to input pin 
and TPoyt to output pin. 
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MC10128 








VOLTAGE WAVEFORMS 
DATA INPUT 
Start Cycle 
t41-15 - 
-0.89 V 
— 1.69 V 
STROBE INPUT 
nnn —).89 V 
Strobe 
—1.69 V 
t3-2+ - 
CLOCK INPUT — 
—_-———————— -0.89 V 
Data 200 ns 
Clock -———_——— — 1.69 V 
50% 
Output by. 
t10-15+ t10-15- 
RESET INPUT 
Clock 
: —0.89 V 
60 ns 
—1.69 V 
0 SL eo% ea 
Reset 60 ns 
— 1.69 V 
Output +1.5 Volts 
t7+2- 
TTL — MODE IBM — MODE 
VoL = 0.5 Voits Max VOL = 0.25 Volts Max 
VOH = 2.5 Volts Min VOH = 3.11 Volts Min 
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QUAD BUS RECEIVER 


The MC10129 bus receiver works in conjunction with the 
MC10128 to allow interfacing of MECL 10,000 to other forms of 
logic and logic buses. The data inputs are compatible with, and 
accept TTL logic levels as well as levels compatible with IBM- 
type buses. The clock, strobe, and reset inputs accept MECL 10,000 
logic levels. 

The data inputs accept the bus levels, and storage elements are 
provided to yield temporary latch storage of the information after 
receiving it from the bus. The outputs can be strobed to allow 
accurate synchronization of signals and/or connection to MECL 
10,000 level buses. When the clock is low, the outputs will follow 
the D inputs, and the reset input is disabled. The latches will store 
the data on the rising edge of the clock. The outputs are enabled 
when the strobe input is high. Unused D inputs must be tied to 
Vcc or Gnd. The clock, strobe, and reset inputs each have 50 k 
ohm pulldown resistors to Veg. They may be left floating, if not 
used. 

The MC10129 will operate in either of two modes. The first 


QUAD BUS RECEIVER 


mode is obtained by tying the hysteresis control input to Veg. In n 
this mode, the input threshold points of the D inputs are fixed. 16 
The second mode is obtained by tying the hysteresis control input 1 
to ground. In this mode, input hysteresis is achieved as shown L SUFFIX 


CERAMIC PACKAGE 
CASE 620 





in the test table. This hysteresis is desirable where extra noise 
margin is required on the D inputs. The outer input pins are un- 
affected by the mode of operation used. 

The MC10129 is especially useful in interface applications for 
central processors, mini-computers, and peripheral equipment. 


Pp = 750 mW typ/pkg (No Load) 
tpd = 10 ns typ 
Vcc Max = 7.0 Vdc 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


Q3 Q1 
Q2 Qo 


D3 D1 
Hysteresis 
Control Strobe 


Ciock 


Reset 


STROBE | RESET | QO, . 1 


D3 40 $ 
Hysteresis a 
Control 5 0 : L 

Clock 11 Vec = Ping 
Gnd Pins 1 and 16 d 
P 


Reset 10 V in 8 
Strobe 12 © EE ¢ = Don't Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 


are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 


@ Test 
Temperature 


-30°C 
+25°C 


Hersh MC 10129 Test Limits 
| 85% 
Tes en oe Poa one 
Negative Power 
Supply Drain Current 167 
189 


Input Current 
Bk 


VOHA 2@ -1.08 -0.980 -0.910 
2 


VOLA 2@ -1.655 -1.630 -1.595 
2@ 
2 
2 
2 


t12-14- 
t10+14- 






oe 
on 
a8 












Logic "1°" 
Output Voitage 





Logic “0” 
Output Voitage 





Logic “1” 
Threshold Voltage 









Logic "0" 
Threshold Voitage 









Switching Times 
Propagation Oetay 
Data (nput 





Clock Input 






Strobe Input 





Reset Input 





Hysteresis Mode 7444+ 


t7-14- 













Setup Time tsetup 
Hold Time thold 
Rise Time t+ 


Fall Time t- 
“When testing choose either TTL or (BM Input Levels. 

© Operation and timits shown also apply for Vcc = +6.0 V. 

@® Input level on data input taken from +0.4 V up to voltage level given. 

@ Input level on data input taken from +4.0 V down to voltage level given. 

@ Output tatched to logic high state prior to test. 


Vina’. VILA’ are standard logic “1” and fogic ““O"" MTTL threshold voltages. 
Vina”. VILA” Vira and Vit a‘ are logic 1" and logic "0" threshold voltages in the hysteresis mode 
as shown in diagram. 


© Fin 5 to Veg. Viz to Data input one at a time 





167 | mAdc 
189 | mAdc 










shown for only one input/output combination. Other combinations are tested 
in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 


MECL 10,000 INPUT LEVELS * TTL INPUT LEVELS “IBM INPUT LEVELS HYSTERESIS MODE z= 














| Vitimax| Vitmin|Vinamin| Miramar! Vin | Vi. | Vina | Vina’ | von] Yi] vowa| Vina | vina~ | vivax | Vina] Vina] Voc®] vec, 

[-o8s0 [1.890 |-1.185 | -1.500 [5000] 0400 [2000 | o8oo [arf orso | - [~~ [200 | 200 [ 220 | 130 | +0 | 62) 

[oie | -1a80 [1.108 [1.476 [3.00 0400 [2.000 [ ooo | s1nf oso [1700 [676 | eeo0 | 1.700 | 1.900 | 7.000 | 50 | 52 

| -0.700 | -1825 | -1.035 | -1.440 [3.000] 0.400 | 2.000 | os00,| 3.11] 0150} - | - | 230 | 1.400] 160 | 070] +60) 62] 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 














Slillingna 

——-| 

|-——-| 
= 
-_ 
r) 









Hansa 
meee (DH | <n 


o 

















VIHA” ViHA™” 






Hysteresis Mode 


Logic ‘'1” a. §6Threshold Voltage 


Logic ‘’0”’ 


VILA” Vita” 





Ss 
7) 
a 
—] 
ond 
NO 
ve) 





SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Vout 


Vin +5.0 Vde Vec 


Coax 





| 

" | 

Input | 

c | 

Pulse Generator a | 

Input Pulse : 
te =t-=55+0.5ns 

(10 to 90%) 15 | 

any oP a) 

| 

| 

| 

| 

3 | Unused outputs 

| 

| 

tt 

| 

| 

| 

| 

| 

| 

| 

| 

| 


Oo 
> o 
YG w 


Unused Inputs (D) 
must be tied to 
Vcc or Pin 16 





connected to a 
50-ohm resistor 
to ground. 


50-ohm termination to ground !o- 
cated in each scope channel input. 


0 
N 
O 
i 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be 
< 1/4 inch from TPjp, to input pin 
and TP oyt tO Output pin. 


O 
W 
Of 


0Q3 


o 





Hysteresis 
Control 50 


Clock '110 
Reset Lio O 
Strobe ' 120 





+2.0 Vde 


NOTE: All power supplies and logic levels are shifted 2 volts positive . 
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| | Mc10129 


FIGURE 1 — DATA to OUTPUT FIGURE 2 — STROBE to OUTPUT 
(Clock and Reset are low, Strobe is high) (Data is high, Clock and Reset are low) 


+5.0V +1.11V 


Data +2.4V 


+0.31 V 
+1.11 V #1.11V 


+0.31V +0.31V 





t42+14+  t12-14- 
t7+14+ t7-14- 


FIGURE 4 — CLOCK to OUTPUT 
(Reset is low, Strobe is high) 


Data Se 5 OV 
FIGURE 3 — RESET to OUTPUT 
(Data and Strobe are high) 42.4V 











Clock +1.11 V 
+1.11V 
+0.31 V 
50% 
Q +1.11 V 
Reset +0.31 V 
+0.31 V 
Clock +1.11 V 
50% ' t41-14- t41-14+ 
+0.31 V 
e ; 
FIGURE 5 — Tset up AND THoLp WAVEFORMS 
+1.11V 
80% +5.00 V 
50% 
20% +2.400 V 
Q +0.31 V 
+1.11 V 
+0.31 V 
41-144 
t10+14- 
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DUAL LATCH 


The MC10130 is a clocked dual D type latch. Each latch may be 
clocked separately by holding the common clock in the low state, 
and using the clock enable inputs for the clocking function. if the | | DUAL LATCH 
common clock is to be used to clock the latch, the clock enable 
(Ce) inputs must be in the low state. In this mode, the enable 
inputs perform the function of controlling the common clock (C). 

Any change at the D input will be reflected at the output while 
the clock is low. The outputs are latched on the positive transition 
of the clock. While the clock is in the high state, a change in the 
information present at the data inputs will not affect the output 
information. 

The set and reset inputs do not override the clock and D inputs. 
They are effective only when either C or CE or both are high. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pp = 155 mW typ/pkg (No Load) 
tod = 2.5 ns typ 
= 2.7 ns typ (20%-80%) 


LOGIC DIAGRAM 


TRUTH TABLE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


¢@ = Don't Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one latch. The other latch is tested in the same manner. 






TEST VOLTAGE VALUES 





















| 

@ Test 

Temperature [ie [ Vinin[vnane | Vivanes[ vee 
-30°C ye eT 
+25°C eee gee ee ee 
rasec_[~-0.700 | -1.825 | -1.035 | -1440 | -5.2 
















Pin = CTO TSU hee Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under -30°C +25°C +85°C Vcc) 
sees ne eae ae eee oe VinAmin pai es 


re Ue Es cee BERT 


input Current =" 220 220 v 6,11 
425 a 265 
pp oe ses fe epee he 


9 
| Adc | 
Logic ‘1°’ 








45 
a 10,12,13 
Output Voltage 
Logic *’0” 


Output Voltage 





Logic “1” 

Threshold Voltage 
Logic “0” 

Threshold Voltage 
Switching Times (50 2 Load) 
(See Figure 1} 
Propagation Delay 














Rise Time (20% to 80%) 
Fall Time (20% to 80%) 


Hold Time 


*All other inputs are tested in the same manner 








(MA) MOTOROLA 


DUAL TYPE D MASTER-SLAVE 
FLIP-FLOP 


DUAL TYPE D MASTER-SLAVE 
FLIP-FLOP 


The MC10131 is a dual master-slave type D flip-flop. Asynchron- 
ous Set (S) and Reset (R) override Clock (Cc) and Clock Enable 
(Ce) inputs. Each flip-flop may be clocked separately by holding 
the common clock in the low state and using the enable inputs 
for the clocking function. If the common clock is to be used to 
clock the flip-flop, the Clock Enable inputs must be in the low 
state. In this case, the enable inputs perform the function of con- 
trolling the common clock. 

The output states of the flip-flop change on the positive tran- 
sition of the clock. A change in the information present at the data 
(D) input will not affect the output information at any other time 
due to master slave construction. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
1 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pp = 235 mW typ/pkg (No Load) 


ffog = 160 MHz typ 
tod 3.0 ns typ 
ty, te = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


im 


2 

3 
= 14 

15 


CLOCKED TRUTH TABLE R-S TRUTH TABLE 


@ = Don’t Care 


C= Ce te Cc. a ; 
A clock H is a clock transition N.D. = Not Defined 


from a low to a high state. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input, or for one set of input conditions. Other inputs @ Test 











TEST VOLTAGE VALUES 
(Volts) 


ViH max VIHA min 



















+85°C 





tested in the same manner. Temperature | Vid max _| in| Vitamin _| VILA max VEE 
-30°e [-0@90 [7 -1890 [1.208 [1.500 [52 
[1.035 [1.440] 





MC10131 Test Limits 


rT -30°c |  +25°C ~—SOo«Ssti«‘SSCd VOLTAGE APPLIED TO PINS LISTED BELOW: 

(Vcc) 
a a a 
1 


1.060 }-0.890} -0.960 -0.810 | -0.890 <F 700} Vdc 
aA; 060 }-0.890| -0.960 -0.810 | -0.890 700} Vdc 
- 1.890 }- 1.675] -1.850 ~1.650 | - 1.825 Vde 
- 1.890 |- 1.675] -1.850 -1.650 | -1.825 Vdc 

1.080 -0.980 -0.910 Vdc 

1.080 -0.980 -0.910 Vdc 

-1.630 Vdc 
- 1.630 Vde 











Power Supply Drain Current 


Input Current St 


Logic ‘'1” 
Output Voltage 


Output Voltage 





. 
> 
Q 
a 





‘= 
> 
Qa. 
a 


Gr] Od] as _ 


= 
> 
Qo. 
a 





Logic aq oe 
Threshold Voltage 

Logic ‘’0” 

Threshold Voltage 







1, 16 
1, 16 
1, 16 
1,16 



























Switching Times +1.11 Vde -3.2 Vde 
Clock Input 
Propagation Delay 46 45 5.0 ns 
Rise Time (20 to 80%) | 
Fall Time (20 to 80%) — 
Set Input 
Propagation Delay t64+2+ 4.4 4.3 
142+15+ 
15+3- 
j t12+14- 

















Reset Input 

Propagation Delay 144+2- 1. 8 4.3 
eo tdi ddd 
t4+3- 
13+14+ 





s 


ny 








—_ 
N 
> 
b 
ro) 
Nn 


ma 





| 
at bitet te 


* individually test each input; apply VIL min to pin under test. 





TOutput level to be measured after a clock pulse has been applied to the Ce input (pin 6) | | v 
IL min 


(A) MOTOROLA 


DUAL MULTIPLEXER WITH 
LATCH AND COMMON RESET 


The MC10132 is a dual multiplexer with clocked D type latches. 
It incorporates common data select and reset inputs. Each latch 
may be clocked separately by holding the common clock in the 
low state, and using the clock enable inputs for a clocking function. 
If the common clock is to be used to clock the latch, the clock 
enable (CE) inputs must be in the low state. In this mode, the 
enable inputs perform the function of controlling the common 
clock (Cc). . 

The data select (A) input determines which data input is ena- 
bled. A high (H) level enables data inputs D12 and D22 and a low 
(L) level enables data inputs D11 and D21. Any change on the 
data input will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the clock. 
While the clock is in the high state, a change in the information 
present at the data inputs will not affect the output information. 
The reset input is enabled when the clock is in the high state, and 
disabled when the clock is low. 


DUAL MULTIPLEXER WITH 
LATCH AND COMMON RESET 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp 225 mW typ/pkg (No Load) 
tod 3.0 ns typ 
= 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM PIN ASSIGNMENT 


Vcc1 
Vcc2 
VEE 





¢@ = Don’t Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one latch. The outer latches are tested in the same manner. 










TEST VOLTAGE VALUES 





@ Test 5 
-oc [0.890 | ~-1.890 | -1.208_[~-1500 | 52 | 
vsec [0810 | 1850 | 1.108 | 1475 | 52 
+85°C 






[0700 [1925 [ioe [140 [52 


MC10132 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


: 
-— sided eee ee (Voc) 
symbot_| Test [Min | Mex | Min | Typ | Max | Min | Max | Gnd 
Foner Supply Current te 8 Le a a es 


oe | 116 | 
Input Current lin pwAdc 4 8 1,16 

5 
6 
7 
10 
11 

| EE A TC a IT 


-1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 7,9,10 

~1.060 | -0.890 } -0.960 -0.810 | -0.890 | -0.700 Vdc 7,9,10 

~1.890 | -1.675 | -1.850 -1.650 | -1.825 7,9,10 

-1.890 | -1.675 | -1.850 -1.650 | -1.825 7,9,10 

-1.080 ~0.980 -0.910 : 

~1.080 -0.980 -0.910 
~1.630 
-1.630 













Characteristic 


ZoNvanes 





—_ 
= 
oO 


Logic ‘‘1" VOH 
Output Voltage 


Logic ‘0’ VOL 
Output Voltage 

Logic "1" VOHA 
Threshold Voltage 

Logic ‘‘0’’ VOLA 
Threshold Voitage 


Switching Times (50-ohm load) 




























°o 


_ 


Propagation Delay Data 

Reset 
Clock 
Select 


Data 
Select 


Data 
Select 


> 
— 
i 
~ 
= 
oa 










Setup Time 





Hold Time 







2 
2 


Rise Time (20% to 80%) 
Fall Time (20% to 80%) 





== 


*All other inputs tested in the same manner. 


(AA) MOTOROLA 


QUAD LATCH 


The MC10133 is a high speed, low power, quad latch consisting QUAD LATCH 
of four bistable latch circuits with D type inputs and gated QO 
outputs, allowing direct wiring to a bus. When the clock is high, 
outputs will follow D inputs. Information is latched on the negative 
going transition of the clock. 
The outputs are gated when the output enable (G) is low. All 
four latches may be clocked at one time with the common clock 


(Cc), or each half may be clocked separately with its clock enable 
(CE). L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


Pp = 310 mW typ/pkg (No Load) 
tod = 4.0 ns typ 
tr, t¢ = 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 





LOGIC DIAGRAM 


DIP 
PIN ASSIGNMENT 


TRUTH TABLE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


= Don’t Care 
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’ shown in the test table, after thermal equilibrium has been established. The 





ELECTRICAL CHARACTERISTICS 
Each MECL 10,000 series has been designed to meet the dc specifications 





circuit is in a test socket or mounted on a printed circuit board and transverse 






TEST VOLTAGE VALUES 






air flow greater than 500 linear fpm is maintained. Outputs are terminated 

through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only @ Test 

one gate. The other gates are tested in the same manner. Temperature 
-s0%¢ [~-0.890 | -1890 | -1.205 | -1500 | -52 | 
+5°c [0810 | -1850 | -1.105 | -1.475 | 52 _| 










[=0700 [1.825 [1.035 | -1.440 | -62 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


+85°C 










; MC10133 Test Limits 
tices ae ere ee : (Vee) 
Characteristic Symbol | Test_| Min | Max | Min | Typ | Max | Min | Max _| Titman ik min | Via min {Skane VEE on Gnd 
ponerse omibedient | ie ee ee ee 


Input Current linH 245 245 "| — a | 
ie ee 265 4 
ae 350 5 
=) 350 13 

















-_ 


Pi [3 os el feiat a tf 


Vdc 3,4 

Vde 3,13 
2 eA i 4, i = i‘ 2%: i a ae Vde 1 i 
2 y e513 
2 4 


“TT I HH | i | ii 
VOLA 2 -1.655 -1.630 -1.595 | Vdc 

2 

2t 

2tt 

2tt 


Ww 





Logic ‘’1 
Output Voltage 


NON 
















Logic *’0"’ 
Output Voltage 







Logic ‘’1" 
Threshold Voltage 








Logic ‘’0” 
Threshold Voitage 






3,4 
4 
4 
3 
3 














Switching Times 
(50 2 Load) +1.11V -3.2V | +2.0V 
Propagation Delay 2 ns 3 2 1,16 
2 4 2 
2 5 2 
3 3 2 
; 3 3 2 
Rise Time (20% to 80%) 2 3 2 
Fall Time (20% to 80%) 2 3 2 
tOutput level to be measured after a clock pulse has been applied to the clock input (Pin 4). Te VIH max *Latch set to zero state before test. 
ViL min 


tt Data input at proper high/low level while clock pulse is high so that device latches at proper 
high/low level for test. Levels are measured after device has latched. 


(A) MOTOROLA 


DUAL MULTIPLEXER 
WITH LATCH 


The MC10134 is a dual multiplexer with clocked D type latches. 
Each latch may be clocked separately by holding the common 
clock in the low state, and using the clock enable inputs for the 
clocking function. if the common clock is to be used to clock the 
latch, the clock enable (CE) inputs must be in the low state. In this 
mode, the enable inputs perform the function of controlling the 
common clock (Cc). 

The data select inputs determine which data input is enabled. 

A high (H) level on the AO input enables data input D12 and a low 
(L) level on the AO input enables data input D11. A high (H) level 
on the Ai input enables data input D22 and a low (L) level on the 
Ai input enables data input D21. 
Any change on the data input will be reflected at the outputs while 
the clock is low. The outputs are latched on the positive transition 
of the clock. While the clock is in the high state, a change in the 
information present at the data inputs will not affect the output 
information. 


Pp = 225 mW typ/pkg (No Load) 
tod 3.0 ns typ 
= 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


D22 12 


TRUTH TABLE 


= Don’t Care 
=CE+Cc 
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DUAL MULTIPLEXER 
WITH LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20 CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one latch. The other latches are tested in the same manner. 






' ‘TEST VOLTAGE VALUES 
(Volts) 










@ Test 

Temperature 
-30°C -0.890 -1.890 -1.205 { -1.500 | -5.2 | 
sec | -0810 | -1a50 | 1105 | 1.475 











+85°C 









[0.700 | -1.625 | 1.035 | _-1.420_| 52 | 
MC10134 Test Limits 


Sim [oe ne IC NOTON: eet Lites = 2) resale race applied re PR LETEO ELON 


yi ies 
Characteristic Symbol Test | Min | | Min | Max | aa 
[Power Supp Oraincurrent———SsS—=~—C~CSCi/ «dT dT | Cd Cd CT 


| Min | 
input Current lin H Ee 
| 05 | | 05 










































Rise Time (20% to 80%) 
Fall Time (20% to 80%) 


3 
3 


4 
5 
6 
7 290 
10 265 
| STO 
Logic *’1” VOH 2 -1.060 ; -0.890 | -0.960 | -0.810 ; -0.890 | -0.700 Vde 
Output Voltage 2 -1.060 | -0.890 { -0.960 | -0.810 | -0.890. | -0.700 Vde 
Logic ‘‘0” VOL 2 -1.890 | -1.675 ; -1.850 {| -1.650 | -1.825 | -1.615 Vde 
Output Voltage 2 -1.890 | -1.675 | -1.850 | -1650 | -1.825 | -1.615 Vde 
Logic “1” 1 VoHa 2 -1.080 -0.980 -0.910. Vde 7. 
Threshold Voitage 2 ~1.080 -0.980 -0.910 Vdc , 
Logic “0” VOLA 2. -1.655 -1.630 -1.595 Vde 6,7,10 4 1,16 
Threshold Voltage 2 -1.655 -1.630 -1.595 Vde 7,10 8 1,16 
Switching Times (50-ohm load) a +1.41V +0.31V | Pulse In +2.0V 
, Propagation Delay t4+2+ 2 4 ns 6,7,10 4 ; 1,16 
t10-2+ y } i ! 
7,10 
8 
8 





: 4 
5 
ed 


Setup Time Data 2 
Select tsetup 2 
Hold Time Data thold 2 ns 
: Select thotd 2 ns 
2 
2 








*All other inputs tested in the same manner. 


(M\) MOTOROLA 


DUAL J-K MASTER-SLAVE 


FLIP-FLOP DUAL J-K MASTER-SLAVE 


The MC10135 is a dual master-slave dc coupled J-K flip-tiop. FLIP-FLOP 


Asynchronous set (S) and reset (R) are provided. The set and reset 
inputs override the clock. 

A common clock is provided with separate J-K inputs. When 
the clock is static, the J-K inputs do not effect the output. 

The output states of the flip-flop change on the positive tran- 
sition of the clock. 

L SUFFIX 

CERAMIC PACKAGE 


Pp 280 mW typ/pkg (No Load) CASE 620 


ffog = 140 MHz typ 
tod = 3.0 ns typ 


P SUFFIX 
tr, te = 2.5 ns typ (20%-80%) 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Q1 2 


: 01 3 


DIP 
PIN ASSIGNMENT 


15 
14 
Vcc1 
Vcc2 
VEE 


R-S TRUTH TABLE CLOCK J-K TRUTH TABLE* 


N.D. = Not Defined *Output states change on 
positive transition of 
clock for J-K input condition 
present. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


- Each MECL 10,000 series circuit has been designed to meet the dc specifi- 


cations shown in the testtable, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 


mounted on a printed circuit board and transverse air flow greater than 500 _ 

: : acs : : TEST VOLTAGE VALUES 

linear fpm is maintained. Outputs are terminated through a 50-ohm resistor @ Test 

to —2.0 volts. Test procedures are shown for only one input, or for one set Temperature Vitmax | Vit min | VinAmin | VitAmax| VEE 
of input conditions. Other inputs tested in the same manner. -30°C -0.890 -1.500 


ssec [-o810 | -1.860 | -1.105_ | 1.475 | 52 _ 
+85°C -0.700 -1.825 -1.035 | -1.440 | -5.2 | 
Pin MC10135_ Test Limits 


3 ro VOLTAGE APPLIED TO PINS LISTED BELOW: 
i as : 3 (vee! 





| mAdc | 


--l- 


Input Current lin ph ee 7,9,10, +—— Sf pAdc 
4,5,12,13 390 uAdc 
Input veakages Curent ie L 4,5,6,7,9, 0.5 uAdc 
10,11,12,13 0.5 pAdc 
Logic ''1" ~1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 
Output Voltage 2 ® -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 
Logic ‘’0”’ -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
Output Voltage 3 9 -~1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
Logic ‘1 VOHA -1.080 -0.980 -0.910 Vde 
Threshold Voltage -1.080 -0.980 -0.910 Vde 
Logic “0” VOLA -1.655 -1.630 -71.595 Vde 
Threshold vei: ~1.655 -1.630 -1.595 Vdc 
2 : : : : 
2 


—f 2 


wb ed 
sos 
_ 


saleaica 
fa ws fo La fa os 
AAA AAD a 


Switching Times 


[Puke in| Pulse Out [3.2 Va [72.0 vee | 


2 8 1,16 






| Ctock Input 


Propagation Delay _ 


2 | 
Rise Time (20 to 80%) 4, c ; 7 ; 23 | 
Fall Time (20 to 80%) . . ; . . . 2,3 
Set Input 7 
Propagation Delay 1542+ ; : : . : ; : 2 8 1,16 
t42+15+ = 15 
t543- : 3 
| t12+14- 14 ; 
Reset Input ; 
Propagation Delay ; : ; % 8. is 2 8 1,16 
3 ; 3 
. 7 15 = 
_ 14 
oe . | a 
NOTES: 
@® Individually test each input; apply Vj max to pin under test. 
@ Individually test each input; apply Vi_ min to pin under test. eas Vicenax 


@ Output level to be measured after a clock pulse has been applied to the C input (pin 9) Vit min 
@ Output level to be measured after a clock pulse has been applied to the C input (pin 9) ea ney VIHA min 


© See Figure 2 for timing test diagram. VILA max 


Ss 
oO 
aah 
° 
xb 
wo 
ol 





(AA) MOTOROLA 





















UNIVERSAL HEXADECIMAL 
COUNTER 


The MCi0136 is a nigh speed synchronous counter that can 
count up, count down, preset, or stop count at frequencies exceed- 
ing 100 MHz. The flexibility of this device allows the designer to 
use one basic counter for most applications, and the synchronous 
count feature makes the MC10136 suitable for either computers 
or instrumentation. 

Three control lines (S1, S2, and Carry In) determine the oper- 
ation mode of the counter. Lines S1 and S2 determine one of four 
operations; preset (program), increment (count up), decrement 
(count down), or hold (stop count). Note that in the preset mode 
a clock pulse is necessary to load the counter, and the information 
present on the data inputs (DO, D1, D2, and D3) will be entered 
into the counter. Carry Out goes low on the terminal count, or 
when the counter is being preset. 

This device is not designed for use with gated clocks. Control 
is via S1 and $2. 


Pp = 625 mW typ/pkg (No Load) 
fcount = 150 MHz typ 
tod = 3.3 ns typ (C-Q) 
7.0 ns typ (C-Coyt) 
5.0 ns typ (Cjpn-Cout) 







FUNCTION TABLE 


Cin $2] Operating Mode 
Po] Ly L |Preset (Program) 


ci 
Popeye 
tafe 


Decrement (Count Down 


oT 
H 
H 





Pe [APH [rota Stop Coun 
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UNIVERSAL HEXADECIMAL 
COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


‘FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 








LOGIC DIAGRAM 


= ae eae 
Vcec1=Pin 1 
Vcc2=Pin 16 
VEE =Pin 8 


Clock 
= beuMBueue {1 


IRE: 


12 DO 14 Qo 7 D1 15 Q1 6 D2 2 Q2 5 D3 303 4 Carry Out 


$1 Qo 


S2 70 


Carry In 
10 0 





jal al i 





aan 





NOTE: Flip-flops wiil toggle when all T inputs are low. 


SEQUENTIAL TRUTH TABLE* 















2 
vU 
Cc 
— 
” 
O 
Cc 
4 
uv 
Cc 
an 
n 











& 
S15 


Clock 


2) 
o 
= 
= 
< 





Sai aed aka 
- 








pevelrece leone 
peselrese [eee els 
peer pess|eeroe 

pereessleere|e 
pers[esss[eere|e 





peepee 
peer|rsssleser[e 
peeelzeeeleeer|s 
peeelzeee|eeere 


¢@ = Don't care. 
* Truth table shows logic states assuming inputs vary in sequence 
shown from top to bottom. 
** A clock H is defined as a clock input transition from a low to a 
high logic level. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 


lished. The circuit is in a test socket or mounted on a printed circuit board TEST VOLTAGE VALUES 
and transverse air flow greater than 500 linear fpm is maintained. Test pro- (Volts) 

sh nly one output. The other outputs are tested in the @ Test 
cedures are shown for only Pp Pp Temperature | Vit max Vit min VIHA min | VILA max = 
oon eee -320°¢ 7500 | 52 


+25°C 1475 | 35.2 


MC10136 Test Limits 


Pin 0 7 o TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
Under | -30°e Ss +25°C +85°C (Vee) 
8 
8 
8 
8 
8 
8 




















Input Current lin H 5,6,11,12 — - 1,16 
7 7 - 
9,10 9,10 7 | 
13 13 : 






















Logic "1" 
Output Voltage 





Logic *’0” 












ap 
a5 












































Output Voltage aires Eee ee = 
Logic "1" VOHA 14@ ~1.080 - 12 - 1,16 
Threshold Voltage 
Logic “0” 14@ ae one -1.655 = | 12 1,16 
Threshold Voltage 
Switching Times : = Pulse In Pulse Out 
(50-ohm Load) 
Propagation Delay 
Clock Input 1134744 14 0.8 4.8 13 14 8 1,16 
13414- 14 0.8 48 | 14 | 
13444 4 2.0 10.9 4 
1434q4- 4 2.0 10.9 4 
Carry In To Carry Out t10-4- 4@ 1.6 7.4 10 4 
t10+44 4 1.6 74 10 4 
Set Up Time 
Data Inputs 124134 14 35 = 12,13 
112-134 14 35 - 12,13 
Select Inputs t9413+ 14 6.0 = 9.13 
174134 14 6.0 ; ene 
Carry In Input 110-134 14 2.5 - 10,13 
t4094+13+ 14 1.5 = 10,13 
Hold Time 
Data Inputs 1134124 14 0 12,13 
1134+12- 14 0 - 12,13 
Select Inputs t134+94 14 -1 s 9,13 
t13474 14 -1 7,13 
Carry In Input t13+10- 14 0 10,13 
13+10+ 14 10,13 
Counting Frequency fcountup 14 125 - 13 
fcountdown 14 125 
Rise Time tqa+ 4 0.9 3.3 
(20% to 80%) t14+ 14 
Fall Time t4- 4 | 
(20% to 80%) t44- 14 





To preserve reliable performance, the MC10136 (plastic-packaged device 


VIH ; 
© Individually apply VL min to Pin under test. @ Measure output after clock pulse Vj. a appears at clock input (pin 13) only) is to be operated in ambiert temperatures above 70°C only when 
500 !fpm blown air or equivalent heat sinking is provided. 


@ Before test set all Q outputs to a logic high. 
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MC10136 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Vin Vcc1* Voc2 =+2.0 Vde Vout 


Coax Coax 
NOTE: 
tsetup is the minimum time before the positive 
transition of the clock pulse (C) that information must 
be present at the input Dors. 
thoidg is the minimum time after the positive tran- 
sition of the clock pulse (C) that information must 
remain unchanged at the input Dors. 
Input Pulse 
tt = t-= 2.0 ns+ 0.2 ns Clock Input 
(20 to 80%) \ ‘ 
+1.41V TPin TPout 
Clock 
+0.31V 


Q Output 





Vee = -3.2 Vde 


+71.11 V 


+0.31 V 


50-ohm termination to ground lo- 
cated in each scope channel! input. 





ie All input and output cables to the 
scope are equa! lengths of 50-ohm 
tsetup L coaxial cable. Wire iength should 
be < 1/4 inch from TP, to input 
o pin and TPoyt to Output pin. 


Unused outputs are connected to 
a 50-0ohm resistor to ground. 


CARRYIN SETUP AND HOLD TIMES 








Carry in. 


tset(L) — thold (L) 
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MC10136 


APPLICATIONS INFORMATION 


To provide more than four bits of counting capability 
several MC10136 counters may be cascaded. The Carry 
In input overrides the clock when the counter is either in 
the increment mode or the decrement mode of operation. 
This input allows several devices to be cascaded in a fully 
synchronous multistage counter as illustrated in Figure 
1. The carry is advanced between stages as shown with 
no external gating. The Carry In of the first device may 
be left open. The system clock is common to all devices. 

The various operational modes of the counter make it 
useful for a wide variety of applications. If used with 
MECL Ill devices, prescalers with input toggle frequencies 
in excess of 300 MHz are possible. Figure 2 shows such 
a prescaler using the MC10136 and MC1670. Use of the 
MC10231 in place of the MC1670 permits 200 MHz 
operation. 


FIGURE 1 — 12 BIT SYNCHRONOUS COUNTER 


Q0 Q1 Q2 Q3 
Cin Cout 


Q0 Q1 O2 Q3 


Cin Cout 


System 
Ciock 


Note: S1 and S2 are set either for increment or decrement operation. 


FIGURE 3 — 50 MHz PROGRAMMABLE COUNTER 


Program Input 


fin 
1 f Ses 
inh Program Input + 1 


2 fmax S50 MHz Typ. 


3 Divide Ratio is from 1 to 16. 





The MC10136 may also be used as a programmable 
counter. The configuration of Figure 3 requires no ad- 
ditional gates, although maximum frequency is limited 
to about 50 MHz. The divider modulus is equal to the 
program input plus one (M = N + 1), therefore, the 
counter will divide by a modulus varying from 1 to 16. 

A second programmable configuration is also illus- 
trated in Figure 4. A pulse swallowing technique is used 
to speed the counter operation up to 110 MHz typically. 
The divider modulus for this figure is equal to the pro- 
gram input (M = N). The minimum modulus is 2 because 
of the pulse swallowing technique, and the modulus may 
vary from 2 to 15. This programmable configuration re- 
quires an additional gate, such as ’2MC10109 and a flip- 
flop such as 4%2MC10131. 


FIGURE 2 — 300 MHz PRESCALER 


Logic High 
O 


MC10136 


Input 


Frequency Input Frequency 


32 


MC1670 





FIGURE 4 — 100 MHz PROGRAMMABLE COUNTER 


Program Input 


c DO Di D2 D3 
$2 MC 10136 


S1 Qo a2 a3 


1 four = 


Program Input 


2 fmax S 110 MHz Typ. 


3 Divide Ratio is from 2 to 15. 











(MA) MOTOROLA 


UNIVERSAL DECADE COUNTER 


The MC10137 is a high speed synchronous counter that can 
count up, down, preset, or stop count at frequencies exceed - 
ing 100 MHz. The flexibility of this device allows the designer 
to use one basic counter for most applications. The synchronous 
count feature makes the MC10137 suitable for either computers 
or instrumentation. 

Three control lines (S1, S2, and Carry In) determine the oper- 
ation mode of the counter. Lines $1 and S2 determine one of four 
operations; preset (program), increment (count up), decrement 
(count down), or hold (stop count). Note that in the preset mode 
a clock pulse is necessary to load the counter, and the information 
present on the data inputs (DO, D1, D2, and D3) will be entered 
into the counter. Carry Out goes low on the terminal count. The 
Carry Out on the MC10137 is partially decoded from Q1 and Q2 
directly, so in the preset mode the condition of the Carry Out after 
the Clock’s positive excursion will depend on the condition of Q1 
and/or Q2. The counter changes state only on the positive going 
edge of the clock. Any other input may change at any time except 
during the positive transition of the clock. The sequence for count- 
ing out of improper states is as shown in the State Diagrams. 


UNIVERSAL DECADE COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





Pp = 625 mW typ/pkg (No Load) 
fcount = 150 MHz typ 
tod = 3.3 ns typ (C-Q) 
= 7.0 ns typ (C-Coyt) 
= 5.0 ns typ (Cin-Cout) 









PIN ASSIGNMENT 





STATE DIAGRAMS 


COUNT UP 















|S2 | Operating Mode 
| H | increment (Count Up) 
JH | Hold (Stop Count) 






3-76 


MC10137 








LOGIC DIAGRAM 


106 
Carry In 


eh = 
130 AT A 


ALATA Aly 


12 DO 14 Q0 11 D1 15 Q1 6 D2 2 02 6 D3 
NOTE: Flip-flops will toggle when all T inputs are low. 


SEQUENTIAL TRUTH TABLE* 











= 
7) 








=i§| 
QQ 
oa 
ca 
< 


Ride 
we 


ie cal es 
eee eee re 
oe 


























@ = Don’t care. 


*Truth table shows logic states assuming inputs vary in sequence shown from top to bottom. 


**A clock H is defined as a clock input transition from a low to a high logic level. 
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Vcec1=Pin 1. 
Vcc2=Pin 16 
Veg =Pin 8 


3 Q3 4 Carry Out 





8L-€ 


-{ Set Up Time 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Test Pro- 
cedures are shown only for selected inputs and outputs. Other inputs and | @ Test 


° ae Te erature 
outputs are tested in a similar manner. ascent 
-30°C 


+25°C 
+85°C 







TEST VOLTAGE VALUES 
(Volts) 


ee es ere 


Td REE TE Me 
[esto | 1.950 | 1.105 | -1475 | 52 

[0.700 | ~=1225_[ 1095 | 1400 [32 
MC10137L Test Limits 


Pin 5 P75 TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
Onder | 30° Ss c ae ee ee IC sei 


Input Current lin H 5,6,11,12 350 a = 
; 7 425 265 265 
9,10 390 245 245 
13 aie al a4 
Logic ‘‘1”’ ; VOH 14 3 a .060 oe 890 a 960 a 810 ee 830 0. — 7; eee Soe 
Output Voltage 
Logic ‘‘0”’ . 14 @ -1.890 -1.675 -1.85C ~1.650 -1.825 -1 615, 
Output Voltage 
Logic "1" VOHA -1.080 -0.980 
Threshoid Voltage 
Logic ‘’0" VOLA -1.655 -1.630 -1.595 
Threshold Voltage Le 


Switching Times 
(50-ohm Load) 


Propagation Delay 






























































Clock Input 1134144 
t13+14- 
13+4+ 
13+4- 
t10-4- 
t10+4+ 













Carry tn To Carry Out 
























Data Inputs 424134 
%12-13+- 

Select Inputs 9413+ 
17+13+ 

Carry In Input — t10-134 
"13+10+ 











Hold Time 





Data Inputs 134124 


13+12- 
7349+ 
013+7+ 
%13+10- 
t10+13+ 
feountup 
feountdown 
t4a+ 
144+ 
t4- 
t44- 










Select Inputs 










Carry In input 



















Counting Frequency 













Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 





Vip 
@ Individually apply Vi min to pin under test. @ Measure output after clock pulse Wes appears at clock input {pin 13) © Before test set Q1 and Q2 outputs to a logic low. 


Ss 
© 
_ 
i] 
= 
W 
“J 





MC10137 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 






(a) is the minimum time to wait after the 


Carry In counter has been enabled to clock it. 


(b) is the minimum time before the 
counter has been disabled that it may 
{ be clocked. 
\ 
I 


(a) 


(c) is the minimum time before the 
counter is enabled that a clock pulse 
may be applied with no effect on the 
state of the counter. 


Clock 


(d) is the minimum time to wait after 
the counter is disabled that a clock 
pulse may be applied with no effect in 
the state of the counter. 









(b) and (c) may be negative numbers. 


Veco1 = Vec2=+2.0 Vde Vout 


NOTE: 


tsetup 's the minimum time before the positive 
transition of the clock pulse (C) that information must 
be present at the input Dors. 

thoig 's the minimum time after the positive tran- 
sition of the clock pulse (C) that information must 
remain unchanged at the input Dors. 





0.1 WF 
Coax ole Coax 


Input Pulse 
tt =t-=2.0+0.2ns Clock Input 
(20 to 80%) be Jt 
TPout 


Pia 
+1.11V 


+0.31 V 





Veg = -3.2 Vde 





ee AV 


+0.31 V 


50-ohm termination to ground |{o- 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
; coaxial cable. Wire length should 
Setup be 1/4 inch from TPj, to input 
pin and TP oy; to Output pin. 





o Unused outputs are connected to 
a 50-ohm resistor to ground. 
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MOTOROLA MC10138 


BI-QUINARY 
COUNTER 
: | | BI-QUINARY 
The MC10138 is a four bit counter capable of divide by two, COUNTER 
five, or ten functions. It is composed of four set-reset master-slave 
flip-flops. Clock inputs trigger on the positive going edge of the 
clock pulse. 
Set or reset input override the clock, allowing asynchronous 
“set” or “clear.” Individual set and common reset inputs are pro- 
vided, as well as complementary outputs for the first and fourth 


bits. L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


Pp = 370 mW typ/pkg (No Load) 
150 MHz typ 
= 2.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


LOGIC DIAGRAM 


FN SUFFIX 
PLCC 
204 CASE 775 


DIP 
PIN ASSIGNMENT 


COUNTER TRUTH TABLES 


BI-QUINARY BCD 
(Clock connected to C2 (Clock connected to C1 
and Q3 connected to C1) and QO connected to C2) 


peze|cre[e 
ered i eae a rree]B 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


er 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 

cations shown in the test table, after thermal equilibrium has been estab- ome 
lished. The circuit is in a test socket or mounted on a printed circuit board Temperature 
and transverse air flow greater than 500 linear fpm is maintained. Outputs -30°C 


are terminated through a 50-ohm resistor to — 2.0 volts. pai 
+85°C 


MC10138 Test Limits 
Under 30°C +25°C +85°C 
Symbol 


Test 






Pts) {Volts} 
[00 [staas) toes [tae [2 | 


TEST VOLTAGE APPLIED 
TO PINS LISTED BELOW 




























Characteristic 





Power Supply Drain Current 












Input Current 


1,16 
1,16 





Logic ‘‘O" 
Output Voltage 








er 
uh <=___- 
OO 





_ 


<=, 


fo?) 


Logic “1” 
Threshold Voltage 











= 
= 
for) 





Logic ’’0"' 
Threshold Voltage 










+ 
N . 
° <_< 
< 





Switching Times 
(50-ohm Load) 


Propagation Delay 


Clock Delays 
50 22 Loads 










Set Delay 







Reset Detay 





Rise Time 
(20% to 80%) 

Fall Time 

(20% to 80%) 


Counting Frequency 









“Individually apply Vi_min to pin under test. 


Vv ‘ : ; fe a 

@ Set all four flip-flops by applying pulse | | Gane to pins 5,6,10,11 prior to applying test voltage indicated. 
ILmin 

@ Reset al! four flip-flops by applying pulse ot eae to pin 9 prior to applying test voltage indicated. 


Vitmin 


COUNTER STATE DIAGRAM — POSITIVE LOGIC 


Clock connected to C2 Q0 connected to C2 
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| (MA) MOTOROLA 


FOUR-BIT UNIVERSAL 
SHIFT REGISTER 


The MC10141 is a four-bit universal shift register which per- 
forms shift left, or shift right, serial/parallel in, and serial/parallel 
out operations with no external gating. Inputs $1 and S2 control 
the four possible operations of the register without external gating 
of the clock. The flip-flops shift information on the positive edge 
of the clock. The four operations are stop shift, shift left, shift 
right, and parallel entry of data. The other six inputs are all data 
type inputs; four for parallel entry data, and one for shifting in 
from the left (DL) and one for shifting in from the right (DR). 


Pp = 425 mW typ/pkg (No Load) 
fshift = 200 MHz typ 
tr tp = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


ont 
seat 


Z loses 
To Mo So 


TRUTH TABLE 


rst [s2_ 

re Le | Paras eney | 
rea [shite rights | aty 
Cee | shitever® [on 
Paw [Stop shit | co, 


*Outputs as exist after pulse appears at “C” input with input 
conditions as shown. (Pulse = Positive transition of clock input). 
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OPERATING MODE O3n41 
in eA 


MC10141 


FOUR-BIT UNIVERSAL 
SHIFT REGISTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204 CASE 775 


DIP 
PIN ASSIGNMENT 


| Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





SHIFT FREQUENCY TEST CIRCUIT 


Vcec1 = Vcc2 
Vin +2.0 Vdc Vout 


Coax Coax 


Input 


Pulse Generator 






50-ohm termination to ground lo- 
cated in each scope channel input. 


Vege = -3.2Vde 
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All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TPoyt to Output pin. 


Test Procedures: 
1. 


Set D1, D2, D3 = +0.31 Vdc (Logic L) 
DO = +1.11 Vdc (Logic H) 


Apply Clock pulse f eae to set QO high. 


Maintain Clock Low. 
Set $1 = +0.31 Vdc (Logic L) 
$2 = +1.11 Vde (Loyic H) 


Test Shift Frequency 





v8-E 


ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fom is maintained. Outputs are terminated through a 50-ohm resistor 
to —2.0 volts. Test procedures are shown for only one input, or for one set 
of input conditions. Other inputs tested in the same manner. @ Test 


TEST VOLTAGE VALUES 
Pts) 
MC10141 Test Limits 
ae Under | -30°C «sd [+85°e —*d mney | TEST VOLTAGE APPLIED TO PINS LISTED BELOW: APPLIED TO PINS LISTED BELOW: ae 


Input Current ow 220 a aad pe | 
= 220 20 6 
245 ys 
a 265 

link 0.5 V 4,5,6,7,9, 

10,11,13 
Logic ‘'1” 
Output Voltage -0.890 { -0.960 -0.810 | -0.890 | -0.700 


Logic ‘’0" 
-1.890 | -1.675 
ee | a | 
-1. i. 














































Logic ‘1 
Threshold Voltage 


Output Voltage 
| rel] ‘| a 
Bi z BEL . 





Logic ‘‘0” 
Threshold Voltage 


4 1,16 
aaE : 































— setae 


Switching Times (50 2 Load) Long? 
Propagation Delay t44+3+ -s2v cdl <0 
Setup Time (tsetup) t424+4+ 1,16 

t10+4+ 
Hold Time (thoig) t4412+ 
Rise Time (20% to 80%) t34 
Fall Time (20% to 80%) tg. 
Shift Frequency fShift 


(1) These tests to be performed in sequence as shown. 
(2) See switching time test circuit for test procedures. 
3 See shift frequency test circuit for test procedures. 

oes to zero before performing test 

(5) Reset to one before performing test. 





Vit ViL 


LVLOLOIN 


(A) MOTOROLA 


QUAD LATCH 


The MC10153 is a high speed, low power, MECL quad latch 
consisting of four bistable latch circuits with D type inputs and 
gated O outputs. Open emitters allow a large number of outputs 
to be wire-ORed together. Latch outputs are gated, allowing direct 
wiring to a bus. When the clock is low, outputs will follow D inputs. 
Information is latched on positive going transition of the clock. 
The MC10153 provides the same logic function as the MC10133, 
except for inversion of the clock. 


Pp = 310 mW typ/pkg (No Load) 
tpg = 4.0 ns typ 
tr, tf = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Don’t Care 
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MC10153 


QUAD LATCH 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20,4 CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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- are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are eae 
° . e 
sna om selected inputs and outputs. Other inputs and outputs are Tarperatite 
eee ee nue -30°c [~-0.800 | -1.890 | -1.205 | -1500 | -6.2 | 
+as°c | -0810 | -1.850 | -1.105 | -1.475 | -5.2_| 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 








TEST VOLTAGE VALUES 

















[0.700 [1.85 | -1.035 | -1440_[ -82 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
(Vec) 


Gnd 
Le a ae ee | a eee eee ee 


+85°C 









MC10153_ Test Limits 








Pin 
Under 
Symbol | Test 






Characteristic 











Logic "1" 
Output Voltage 












Logic ‘’0" 
Output Voltage 











Logic ‘1 
Threshold Voltage 










Logic '0" 
Threshold Voltage 
















13 


| ruimin | ruts our |-22v | s2ov 





Switching Times 
(50 2 Load) 


Propagation Delay 










Rise Time (20% to 80%) 
Fall Time (20% to 80%) 


TOutput level to be measured after a clock pulse has been applied to the clock input (Pin 4). i ee ViH max *Latch set to zero state before test. 
ViL min 


WOW WWwarhy 
NN NNNNN 






ttData input at proper high/low level while clock pulse is low so that device latches at proper 
high/low level for test. Levels are measured after device has latched. 


MOTOROLA 


BINARY COUNTER 


The MC10154 is a four-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight or a divide-by-sixteen function. 

Clock inputs trigger on the positive going edge of the clock 
pulse. Set and Reset inputs override the clock, allowing asyn- 
chronous “set” or ‘‘clear.”” Individual Set and common Reset in- 
puts are provided, as well as complementary outputs for the first 
and fourth bits. True outputs are available at all bits. 


BINARY COUNTER 


= 370 mW typ/pkg (No Load) 

= 150 m Hz (typ) . 
3.5 ns typ (C to Qg) 

= 11 ns typ (C to Q3) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


LOGIC DIAGRAM 


12 
Clock 10 


10 
Clock 20 


TRUTH TABLE 
NPUTS 
$1 | S283 | ¢1 | ¢2| 


o|¢ 
to 


Qo 





Vcc1=Pin 1 
Vcc2=Pin 16 
VEE=Pin 8 


Prrrrrnrrrnrnrnrnrrrrr crxze|g| 


a0 


H IH 
No Count 
No Count 


; Q1 


Clock 1 


So 
Clock 2 


Reset 


Prerer err creer cr ror ricer ze 
mer mr errr rrr errr en [rer ote 
mm mam arama wr coe 
meer rerreritiertertriet 
[ca conc em cael RG ms SD OT a pea oll med ge Re Ce rs 
ee eee ee ae 


eQPrerr rr rrr rrr rrr jiercre st 
fa a io fl al Rs ibs oP all oo o> oA oll able om 


= Don’t Care 


SK Clock transitions from Vi, to Vip 
Vie may be applied to Cy or C2 or 
both for same effect. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 





TEST VOLTAGE VALUES 


(Volts) | 












20° [-0.800 | -1.800 | -1.208 | -1.500 | 52 
asec [-0810 | -1.850 | -1.105 |-1.475 | -82_ 
vasec_[ -0.700 | -1.825 | -1.035 | 1.440 | 52 









Pin ee ee TEST VOLTAGE APPLIED TO 
ee ea PINS LISTED BELOW: ee 
charasersic | Symbot | Tot te [in [| Vinamin|Vitaner] Vee |_ Gnd 


P min [Tye | 
Pe tee aa ee pmade | 9 | - | - | - | 8 tte | 
= 220 220 uAdc 8 
aa 410 410 uAdc 8 
elit < 












w 


peels 


ei ae ee 8 | Ee | 
Logic ‘1°’ Output Voltage VOH 


es [= os eae cae 
-1.060 | -0.890 | -0.960 -0.810 |; -0.890 | -0.700 Vde 
[5 | “vaso | ‘oa00| coseo | = | “osio| “aao0 | <o7m | vee | om | - | - | = [os | ine | 
3 
1 
1 


oo 0 








L 


VOHA i 
5 


= aes 


t124+15+ 
*Individually test each input applying Vj, to input under test. 


Logic '’0’’ Output Voitage 


-1.890 | -1.675 | -1.850 -1.650 | -1.825 Vde 

-1.890 | -1.675 | -1.850 -1.650 | -1.825 Vdc 

-1.080 Vde 

-1.080 Vde 

~1.080 Vde 
-1.655 -1.630 -1.595 Vde 
-1.655 -1.630 -1.595 Vde 
-1.655 -1.630 -1.595 Vde 


Logic ‘‘1’ Threshold Voltage 


00 00 0] 0 & 


1 
1,16 
1 





Logic ‘’0’’ Threshold Voltage 


= 
EE 







Switching Times 


Clock Input 
Propagation Delay 


















t12-13- 

t12+4- 

t12-3+ 
t15+ 










Rise Time (20 to 80%) 
Fail Time (20 to 80%) 
Set Input 

Reset Input 


Counting Frequency 


(MA) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER (NON-INVERTING) 


The MC10158 is a quad two channel multiplexer. A common 
select input determines which data inputs are enabled. A high 
(H) level enables data inputs DOO, D10, D20, and D30 and a low 
(L) level enables data inputs D01, D11, D21, and D31. 


Pp = 197 mW typ/pkg (No Load) 


tod = 2.5 ns typ (Data to Q) 
3.2 ns typ (Select to Q) 


= 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


Select 9 = 


a 
Do 
i 
ie 


/_-— 
LU 


TRUTH TABLE ; 
Vcc = Pin 16 


Vege = Pin 8 


¢@ = Don’t care 
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QUAD 2-INPUT MULTIPLEXER 
(NON-INVERTING) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


D21 
D30 
D31 


Select 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 


_ through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 


selected inputs and outputs. Other inputs and outputs are tested in a similar 
manner. . . 






TEST VOLTAGE VALUES.) . 


Vit min | VIHA min | VILA max 
-0.890 | -1.890 {  -1.205 [| -1.500 [ -5.2 |. 
0.810 | -1.850 | -1.105 | -1.475 | -5.2_ 


[0.700 [1.26 [ -1005 [ -1440_| -52_ 
MC10158 TEST LIMITS : ; : 


Power Supply Drain Rica 

Current 
Input Current linH ~ 360 bite 
: 400 ame 


VOH 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 






























Logic ‘1" 
ee Voltage 


Output Voltage 





















‘Logic "1°" 
Threshold Voltage 


Logic ‘‘0” 
Threshold Voltage 


Switching Times | Pulse in | Pulse Out | -3.2 Vdc] +2.0 Vde 


(50 2 Load) 
8 16 







Propagation Delay © 
Data Input 
Select Input. 








Rise Time 

(20% to 80%) 
Fall Time 
(20% to 80%) 







8SLOLDIN 


(M\) MOTOROLA MC10159 


QUAD 2-INPUT MULTIPLEXER (INVERTING) 


The MC10159 is a quad two channel multiplexer with enable. 
It incorporates common enable and common data select inputs. 
The select input determines which data inputs are enabled. A high 
(H) level enables data inputs DOO, D10, D20, and D30. A low (L) 
level enables data inputs D01, D11, D21, and D31. Any change on 
the data inputs will be reflected at the outputs while the enable 
is low. Input levels are inverted at the output. 


QUAD 2-INPUT MULTIPLEXER 
(INVERTING) 


Pp = 218 mW typ/pkg (No Load) 


tod = 2.5 ns typ (Data to Q) 
3.2 ns typ (Select to Q) 


= 2.5 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





P SUFFIX 


LOGIC DIAGRAM PLASTIC PACKAGE 
CASE 648 














Select 9 
FN SUFFIX 
PLCC 
DO1 5 20; CASE 775 
1 Q0 
DOO 6 
DIP 
PIN ASSIGNMENT 
D113 
2Q1 


D104 


Enable 7 


Q0 
D21 12 


15 Q2 Q1 Q2 


D20 13 D11 Q3 

D10 D20 
DO1 D21 

1403 DOO D30 

Enabie D31 

VEE Select 

= Pin 16 

= Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


@ = Don't Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar 
manner. 





TEST VOLTAGE VALUES 


(Volts) 






@ Test ee 
Temperature Vina min | Vitamax | Vee | 
-30°C -0.890 -1.890 -1.205 -1.500 
+25°C | -0.810 -1.850 -1.105 -1.475 







+85°C 







MC10159_ Test Limits 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under et oealeae a (Vee) 
Characteristic Symbol | Test Unit a min | VILA max aa Gnd 


Power Supply Drain le coe 
Current 
Input Current linH 360 225 bedi Sud 
= 250 uAdc oes 
(RS eae 


| wAdc | 


Logic *'1” -1.060 } -0.890 | -0.960 -0.810 | -0.890 |; -0.700 

fe: Ps eee 
Logic ‘’0" -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 

Logic * VOHA -1.080 -0.980 


Logic “0” VOLA -1.655 -1.630 -4 ae 
Threshold Voltage 


Switching Times | Pulse tn | Pulse Qut_| -3.2 Vde] +2.0 Vac | 
(50 2 Load) 
Propagation Delay 
Data Input : : é : ; z A 
Select Input ; . : ; : . f 
Enable Input : . . ; : . : 2 
Rise Time ; : : : 5 : : 
(20% to 80%) 
Fall Time ; ; : ; : : . : 


(20% to 80%) 









































s 
© 
=a 
i=) 
= 
5) 
to 





(AA) MOTOROLA 


12-BIT PARITY GENERATOR-CHECKER 12-BIT PARITY 


The MC10160 consists of nine EXCLUSIVE-OR gates in a single GENERATOR-CHECKER 


package, internally connected to provide odd parity checking or 
generation. Output goes high when an odd number of inputs are 
high. Unconnected inputs are pulled to low logic levels allowing 
parity detection and generation for less than 12 bits. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 320 mW typ/pkg (No Load) 
tod = 5.0 ns typ 
= 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


INPUT OUTPUT 


Sum of 
High Level 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 


are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are TEST VOLTAGE VALUES 


shown for one set of conditions. Complete testing according to truth table.  @ Test 


-30°C 


MC10160 Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Under (Vee) 
Characteristic Test | Max | Unit Vitmin ViHAmin | VitAmax | Vee | Gnd 


Power Supply Drain mAdc | 4,5,9,10,13,14 
Current 
Input Current linH* 3 265 265 pAdc 3 — 8 1,16 
4 220 220 ywAdc 4 _ - 8 1,16 
tine [| 3 [| 08 | - | o8 | - | - | a ee eee je 1162 


[=| wade 
Logic ‘1°’ 


VOH 
VOL 
2 ~1.890 | -1.675 ~1.650 | -1.825 | -1.615 | Vde 3,4,5,6,7,9,10, 
11,12,13,14,15 
VOHA 
2 -1.080 -0.980 Vde 4,5,6,7,9,10,11, 
12,13,14,15 |. 
VOLA 
2 -1.630 -1.595 | Vdc 3,5,6,7,9,10,11 


12,13,14,15 
2.0 5.0 7.5 8.0 ns 
1.1 2.0 3.3 3.5 
ie 2.0 33 3.5 













4,5,6,7,9,10, 
11,12,13,14,15 












Logic ‘‘0”’ 
Output Voltage 


Ss 
© 
= 
° 
cor) 
D 
° 













Logic ‘1’ 
Threshold Voltage 











Logic *‘0” 
Threshold Voltage 









Switching Times 
(50 2 Load) 


Propagation Delay 






N 


wl, wi, er] >| 





Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 





*Pins 3, 6, 7, 11, 12, 15 are similar 
Pins 4, 5, 9, 10, 13, 14 are similar 





(AA) MOTOROLA 


BINARY TO 1-8 DECODER (LOW) 


The MC10161 is designed to decode a three bit input word to 
a one of eight line output. The selected output will be low while 
all other outputs will be high. The enable inputs, when either or 
both are high, force all outputs high. 

The MC10161 is a true parallel decoder. No series gating is used 
internally, eliminating unequal delay times found in other decod- 
ers. This design provides the identical 4 ns delay from any address 
or enable input to any output. 

A complete mux/demux operation on 16 bits for data distri- 
bution is illustrated in Figure 1. This system, using the MC10136 
control counters, has the capability of incrementing, decrement- 
ing or holding data channels. When both SO and S1 are low, the 
index counters reset, thus initializing both the mux and demux 
units. The four binary outputs of the counter are buffered by the 
MC10101s to send twisted-pair select data to the multiplexer/ 
demultiplexer units. 


Pp = 315 mW typ/pkg (No Load) 
tod 4.0 ns type 
ty,tf = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


TRUTH TABLE 


OUTPUTS 


z 
uU 
Cc 
a 
w 


errrrerere er |B 
Peer ere er | sl 
| 
NJ 


Serr rre cre io 


@@DIecrrirer|o| 


ee rrararie|>| 


iTrtrtrrrTrTrTirTiTi)rne 
a ge gs as Em a ano Aa CN ea 
Ba Kae ee ae le el | peal 
oe gs tas Cee i a pee em 
ps lee es es ee ld ee Se es cae 
Lele ee a 
FrrtraratrrTrTiTcTT 
Ltr rarrtre rats 
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BINARY TO 1-8 DECODER 
(LOW) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input/output combination. Other combinations are tested 
according to the truth table. 








TEST VOLTAGE VALUES 
(Volts) 


-0.890 -1.890 - 1.205 -1.500 
-0.810 | -1.850_ | -1.105 


ar 
MG IO 1 6) rem Ents TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
(Vcc} 


[Mert Test Limits 
under | a 
Symbol_| Test met te | te Leste | ee Unit ! in [Via mex | Vee | nd 
ae ara ee eee 
Pe aan ee a 


ees 
-0.960 ~0.810 
ae 
ee 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 



































Characteristic 



















Logic “’ 
ae Voltage 

















Logic ‘’0” Output Voltage 


Logic ‘1 ion 13 
Threshold Voltage 13 
Logic ‘0 Threshold Voltage | VOLA 13 


Switching Times 
(50 2 Load) 



















































Propagation Delay t14+13- 
14-13+ 
Rise Time (20% to 80%) t134 


Fall Time (20% to 80%) t73- 


LOLOLOIN 


Z6-€ 


Control Selection 


MC10101 MC10115 







1514131211109 8 76543210 
C) {) ) OO e e CS e OO @ © O © © O) ) 
1 
C 
4 MC10164 
A 





MC10101 MC10115 


oe 


soo 


$10 
MC 10136 





Ee 


ae = = a aap 


EO 







MC10161 





Start/Stop 





1514131211109 8 


uO 
oOo 
oo 
AO 
WO 
NO 
-—O 
oo 








YSaXATdILINNIG/YAXIAIdILINW LIG-9L G33dS HOIH — £t 3SHNDOISA 


(AA) MOTOROLA 


BINARY TO 1-8 DECODER 
(HIGH) 


The MC10162 is designed to convert three lines of input data 
to a one-of-eight output. The selected output will be high while 
all other outputs are low. The enable inputs, when either or both 
are high, force all outputs low. 

The MC10162 is a true parallel decoder. No series gating is used 
internally, eliminating unequal delay times found in other decoders. 

This device is ideally suited for demultiplexer applications. One 
of the two enable inputs is used as the data input, while the other 
is used as a data enable input. 

A complete mux/demux operation on 16 bits for data distri- 
bution is illustrated in Figure 1 of the MC10161 data sheet. 


BINARY TO 1-8 DECODER 
(HIGH) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 315 ns typ/pkg (No Load) 
tod = 4.0 ns typ 
= 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


LOGIC DIAGRAM 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


TRUTH TABLE 
OUTPUTS 


| ouTpuTs 
[a0 | a1 | a2 | a3 | a4 | a8 | a6 | 07 
Ee i a L 


L 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


eEerrerree |B 
reeererr ee | 


eezxrzrreeer|o| 


eexrmrrrzirr|@ 


pear rerrie|a 


ecr ere re ee st 
Cer eer eee 
| pail ll peace) eee ae coed peace PR aa 
Cm ee Ee Lee 
Serre re Ler er 
errr r cee, 
Pe ee ee Pe ET 


¢@ = Don't Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only input/output combination. Other combinations are tested 
according to the truth table. 





66-€ 


ptint | 14 | 05 | 






-0.980 


Logic “1” Woua 
Threshold Voltage 

Logic ‘0 VOLA 13 
Threshold Voltage 13 


Switching Times - 
(50-ohm load) 
Propagation Delay 













%14+13+ 
t14-13- 
t+ 










Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 









t- 











MC10162 Test Limits 


Pin a ° ° 
Under 
Characteristic Symbol | Test ae [ee [eT te [eT 
[Power Supply Orain Guest | te | 8 | - | o4 5 Re PRES OC 


ee eee ee 





@Test 
Temperature 


-30°C 
+25°C 
+85°C 





Logic ‘'1" VOH -0. — a 960 —- 810 | -0. — -0. ~ i S0" 
ao Voitage 
Logic "" 13 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
Sauk Voltage 13 -1.890 | -1.675 | -1.850 -1.650 | -1 F2si0) -1.615 Vde 
-1.655 -1 mee -1.595 Vdc 
-1.655 -1.630 -1.595 Vdc 


ps 
Unit Vina min | Vitamax| Vee | 6 





TEST VOLTAGE VALUES 
(Volts) 


“0.890 
P0810 | -1.850 | 1.105 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 










































ee 
ee ae 


8 
8 
8 
8 


















@) mororous 


8-LINE MULTIPLEXER 


The MC10164 is a high speed, low power eight-channel data 
selector which routes data present at one-of-eight inputs to the 
output. The data is routed according to the three bit code present 
on the address inputs. An enable input is provided for easy bit 
expansion. 


8-LINE MULTIPLEXER 


Pp = 310 mW typ/pkg (No Load) 
tpd = 3.0 ns typ (Data to Output) 
= 2.0 ns typ (20%~-80%) L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


C 10 


FN SUFFIX 
PLCC 
20; CASE 775 


Enable 


X0 


X1 DIP 


PIN ASSIGNMENT 
X2 


X3 


Vcc2 
Enable 


: 
; 
: 
: 
i 
© 


X3 
X2 
x1 
ADDRESS INPUTS n 
Al 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 


A 


@ = Don’t Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are terminated through a 50-ohm resistor 
to —2.0 volts. Test procedures are shown for only one input, or for one set 
of input conditions. Other inputs tested in the same manner. 







TEST VOLTAGE VALUES 
(Volts) 

























@Test 
-30%c 1500 [-5.2_| 
+25°C | -0.810 | | =-1.850 | -1.105 | ~1.475 —s 









MC10164 Test Limits 


Pa | oe at 






TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
(Vcc) 

p [Mex | Min | Max Gnd 
| 75 | | 88 | mde | ae ae 
al ee ee a 
}——_| 03 | ——_| wade ff 4 fm a 
Pee ee 
ica lene oe Ea ee 


a ea a ae 











Characteristic 


Power Supply Drain Current | ole | 


Input Current aly H 
Logic “1° 
Output Voltage 


Logic ‘‘0” VOL 
Output Voltage 


Logic ‘1’ VOHA 15 
Threshold Voltage 

Logic *‘0” VOLA 15 
Threshold Voltage 


Switching Times 
(50 2 Load) 
Propagation Delay 













































t4+15+ 
t4-15- 
t7+15+ 
t7-15- 
t24+15- 
t2-15+. 
t+ 






















Rise Time 
(20% to 80%) 

Fall Time 

(20% to 80%) 










t~ 














APPLICATION INFORMATION 


The MC10164 can be used wherever data multiplexing 
or parallel to serial conversion is desirable. Full parallel 
gating permits equal delays through any data path. The 
output of the MC10164 incorporates a buffer gate with 


eight data inputs and an enable. A high level on the enable 
forces the output low. The MC10164 can be connected 
directly to a data bus, due to its open emitter output and 
output enable. 

Figure one illustrates how a 1-of-64 line multiplexer can 
be built with eight MC10164’s wire ORed at their outputs 
and one MC10161 to drive the enables on each multi- 
plexer, without speed degradation over a single MC10164 
being experienced. 


FIGURE 1 — 1-OF-64 LINE MULTIPLEXER 








The Bit chosen is dependent on six-bit 
code present on inputs 7, 9, 14 of the 
MC10161 and the A, B, C inputs of the 
MC10164. 


MC10161 


ABC 
MC10164 
ABC 


ABC 
ABC 


(AA) MOTOROLA MC10165 


8-INPUT 
PRIORITY ENCODER 


8-INPUT 
PRIORITY ENCODER 


The MC10165 is a device designed to encode eight inputs to a 
binary coded output. The output code is that of the highest order 
input. Any input of lower priority is ignored. Each output incor- 
porates a latch allowing synchronous operation. When the clock 
is low the outputs follow the inputs and latch when the clock goes 
high. This device is very useful for a variety of applications in 
checking system status in control processors, peripheral control- 
lers, and testing systems. 

The input is active when high, (e.g., the three binary outputs L SUFFIX 
are low when input DO is high). The Q3 output is high when any CERAMIC PACKAGE 
input is high. This allows direct extension into another priority CASE 620 
encoder when more than eight inputs are necessary. The MC10165 
can also be used to develop binary codes from random logic 
inputs, for addressing ROMs, RAMs, or for multiplexing data. : P SUFFIX 


PLASTIC PACKAGE 
CASE 648 16 


Pp = 545 mW typ/pkg (No Load) 1 

tod 4.5 ns typ (Data to Output) FN SUFFIX 

tr, tt = 2.0 ns typ (20%-80%) PLCC 
CASE 775 


DIP 


nae PIN ASSIGNMENT 


oO 
¥ 
> 
2 
‘Uv 
Cc 
ear 
n 
12) 
Cc 
4 
U 
Cc 
4 


ceererre |S 
rreeeerr ze 
reeeerzes|Q| 


roeeerese|g| 
reeereses|g| 
reezesecs|2 
rezessses|g| 
rresessse (9 
Peeeaeees |e 


crzrrzrreer|Q| 

crzerzzee || 
” 

rmrnrcerse|B 


¢@ = Don't Care 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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MC10165 








LOGIC DIAGRAM 


Vec1 = Pint 
Vcc2 Pin 16 


. |, * | ° “ 


teow dl 







a i > 


i 3 Q0 





Pa 
: 
Pee 2 is 
al TTP 
D3 10 > ees oe ee LE 
Ste 
pen PS GST eee 
ELL TTT > a 
; iiinin hee cae i 
sy ae SED se 
HAL , 15 Q2 
Rieea ) 
i | a a ee 
D7 6 oe 14Q3 





Numbers at ends of terminals denote pin numbers for L and P packages. 
Numbers in parenthesis denote pin numbers for F package. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 








TEST VOLTAGE VALUES 


(Volts) 


linear fom is maintained. Outputs are terminated through a 50-ohm resistor @ Test 
to —2.0 volts. Test procedures are shown for only one input, or for one set Temperature | VIH max] SIL min] MIWA min] MILA max] SEE 
: om . : o 
of input conditions. Other inputs tested in the same manner. -30°c { -0.890 | -1.890 | -1.205 | -1.500 | -5.2 | 
+25°c | -0.810 | -1850 | -1.105 | -1.475 | -5.2 | 










+85°C 


| -0.700 | -1.825 | -1.035 | -1.440 | -6.2 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Pi MC10165 Test Limits 

n 

in [a0 | vee 
Seance _| me | Tr are Ya in| on = Yes ome mec} Yes | 


Power |Power Supply Drain Current —_| Drain Current | — | tag | - | 105 | 131 | - | 144 madc] 


Input Current 245 uAdc —— 2 
220 pAdc 5@ 8 


Logic ‘'1" 
Output Voltage 




































aaa 






Logic ‘’0” 
Output Voltage 


<> 






Logic ‘’1" 
Threshold Voltage 


8 1,16 


<— a> 






Logic “oO” 
Threshold Voltage 


8 1,16 


<q— a 





6 
Switching Times (50-ohm Load) +1.11V 


Propagation Delay 
Data Input 


[s037v | Pulsein | Put Out |-32v [20V_ 












15+14+ 
t6-14- 
743+ 
t41415+ 
t413+2+ 













Clock Input 











Setup Time 
tsetup L 


thoid H 
thold L 


t3+ 
t3- 






Hold Time 











Rise Time (20% to 80%) 
Fall Time (20% to 80%) 


@ The same limit applies for ali D type input pins. To test input currents for other D inputs, * To preserve reliable performance, the MC10165P (plastic-packaged device only) 
individually apply proper voltage to pin under test. is to be operated in ambient temperatures above 70°C only when 500 Ifpm blown 
@ Output latched to low state prior to test. air or equivalent heat sinking is provided. 


@) Output latched to high state prior to test. 





nected to this encoder such that, when a given condition 
exists, the respective input will be at a logic high level. This 
scheme will select the one of 64 different system condi- 
tions, as represented at the encoder inputs, which has 
priority in determining the next system operation to be 


APPLICATION INFORMATION 


A typical application of the MC10165 is the decoding of performed. The binary code showing the address of the 
system status on a priority basis. A 64 line priority encoder highest priority input present will appear at the encoder 


is shown in the figure below. System status lines are con- outputs to control other system logic functions. . 


64-LINE PRIORITY ENCODER 


OLSB. 


O 


MC 10164 | MC10164 MC10164 


Six bit output 
’ word yielding 
number of 













oa Es ee 
ESS EE A] 
a 
Hess seo: 22sec 2 se a am 


Soe Peat aug ill HE highest priority 
aa eee aa E poche channel present 
BRE Pt CUT at input 
E Hority ee eee 
Input ee a ea Qo +40 
Q1 ° 
ce D7 
| i 


iz 


UU 


UE 


QO 


0 
N. 
M 
QO 0 
°o W 


O o e 
| = 
gallo 9 alfo 
° ~“ jo) N 
Q 
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00 
oO 
C10165 
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ie) 
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QO 
N 
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gOlfo 
° ~N 
M 
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~ 
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fe) O 
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© 
Lowest ~ 20 o @!1 
Priority oO Q2 
Input 
p D7 = 03 
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@) mororo.a 


5-BIT MAGNITUDE 
COMPARATOR 


The MC10166 is a high speed expandable 5-bit comparator for 
comparing the magnitude of two binary words. Two outputs are 
provided: A < B and A > B. A = B can be obtained by NORing 
the two outputs with an additional gate. A high level on the enable 
function forces both outputs low. Multiple MC10166s may be used 
for larger word comparisons. 


Py = 440 mW typ/pkg (No Load) 


tod = Data to output 6.0 ns typ 
E to output 2.5 ns typ 


= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


VEE 


TRUTH TABLE 
ae ee 


x x 
a a 
ee 
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5-BIT MAGNITUDE 
COMPARATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar 
manner. 





TEST VOLTAGE VALUES 
Volts 


[0.890 [1,890 | -1.205 | -1.500_ | -52 | 
[0.80 | 1.850 | -1.105 | -1475 | -52 | 

[0.700 | -1.895 | -1.035 | -1.440 | 52 
MC10166_ Test Limits 


-_ Under [30% | —sasec—~——=‘id:=C“‘ Cd (Vee) 

Symbol | Test | Min | Max | Min | | Max | Min _| en [ Wie] Vic ann] came] Va Grd 
ee Dee | toe | | | mace] faztosnaap — fT - t6 
[= [so | = | se ee 

Pos | | 33] 

a8. 


220 pAdc 
-1.060 | -0.890 | ~-0.960 
-1.060 } -0.890 | -0.960 


| Max | 
117 | 85 117 

A Ya ee 
ioe Geo ee eC ee 

-0.810 | -0.890| -0.700 | Vdc 

-1.890 | -1.675 | -1.850 

| ciao | cess | case | =| 7 

-1.080 -0.980 

[cite | = | co8s0 | 


-1.650 | -1.825]} -1.615 Vdc 5,15 
-1.650 | -1.825]| -1.615 Vdc 4,15 
-0.910 Vde 
~0.910 Vde 


Rae 
Is soe 
~1.630 Vdc 
AARNIN 








@ Test 
Temperature 


-30°C 
+25°C 
+85°C 




























Characteristic 


Power Supply Drain Current Shes | 
Input Current 
Logic ‘1°’ Output Voltage 
Logic ‘’0’’ Output Voltage 
Logic ‘‘1’’ Threshold Voltage VOHA 
Logic ‘0 Threshold Voltage VOLA 


Switching Times 
(50 2 Load) 
Propagation Delay 

Data to Output 



















—_ 
i=) 
~ 
i=) 















Enable to Output 






Rise Time (20% to 80%) 
Fall Time (20% to 80%) 





NO NMYWWWWNHNNN 








APPLICATION INFORMATION 


FIGURE 1 — 9-BIT MAGNITUDE COMPARATOR 


A0B0A1B1A2 B2A3B3A4B4 A5B5A6B6A7B7A8B8 


B24 
A24 
B23 


A23 
B22 


A22 
B21 

A21 
B20 

A20 


AO At A2 AZ A4 A2 
BO 81 B2 83 B4 B2 


MC10166 MC 10166 


A>B A<B A>B A<B 


B19 
A19 
B18 


A18 
B17 


A117 
B16 

A16 
B15 

A15 





A>B A<B A=B8B 
For 9-Bit Word 





B14 
A114 
B13 
A113 
B12 
Al2 
B11 
All 
B10 
A10 


Bg 
AQ 

BS 
A8 

B7 
A7 

B6 
A6 

B5 
AS 


The MC10166 compares the magnitude of two 5-bit 
words. Two outputs are provided which give a high level 
for A> Band A<.B. The A = B function can be obtained 
by wire-ORing these outputs (a low level indicates A = B) 
or by NORing the outputs (a high level indicates A = B). 

For longer word lengths, the MC10166 can be serially 
expanded or cascaded. Figure 1 shows two devices in a 
serial expansion for a 9-bit word length. The A > B and 
A< B outputs are fed to the AO and BO inputs respectively 
of the next device. The connection for an A = B output is 
also shown. The worst case delay time of serial expansion 
is equal to the number of comparators times the data-to- 
output delay. 

For shorter delay times than possible with serial ex- 
pansion, devices can be cascaded. Figure 2 shows a 25-bit 
FIGURE 2 — 25-BIT MAGNITUDE COMPARATOR cascaded comparator whose worst case delay is two data- 
to-output delays. The cascaded scheme can be extended 
to longer word lengths. 


B4 
A4 

B3 
A3 

B2 
A2 

B61 
Al 

BO 
AO 
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(MA) MOTOROLA MC10168 





QUAD LATCH 


The MC10168 is a Quad Latch with common clocking to all four 
latches. Separate output enabling gates are provided for each QUAD LATCH 
latch, allowing direct wiring to a bus. When the clock is high, 
outputs will follow the D inputs. Information is latched on the 
negative-going transition of the clock. 


Pp = 310 mW typ/pkg (No Load) 


tod = G to Q = 2nstyp 
D to OQ = 3nstyp 
CtoQ = 4nstyp 


= 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20} CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 





11 Q2 


15 Q3 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
selected inputs and outputs. The other inputs and outputs are tested in the 
same manner. 


(Volts) 


TEST VOLTAGE VALUES 


@ Test 
Temperature Vitmax| Vitmin | VidAmin| Vit Amax | VEE 
425°C 











MC10168 Test Limits TEST VOLTAGE APPLIED TO PINS 


ee +25°C +85°C aan LISTED BELOW: 
ake ee 


(eee CR Va re es ee 
390 245 245 uAdc i 
425 265 265 y i 
460 290 290 13 
pm ae (a a Se ay ee es 
Logic Output Voltage VOH 2 -~1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 3,13 
6 -1.060 | -0.890 | -0.960 -0.810 | -0.890 } -0.700 Vdc 7,13 
Logic ‘’0’’ Output Voltage VOL -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 3,5 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 4,7 
3 
7 
3 
5 
13 
3 
3 


Power Supply Drain Current Eo = ae 


linH 





oar 
Logic ‘’1"’ Threshold Voltage VOHA -1.080 -0.980 -0.910 Vde 13 
-1.080 -0.980 -0.910 Vde 13 
~1.655 -1.630 ~1,595 Vdc 13 


2 
6 
2 
6 
6 
Switching Times 
(50 2 Load) 
Propagation Delay: Data 2 
Gate t5-24+ 2 
Clock t134+2+ 2 
Setup Time 3.134 2 
Hold Time 43434 2 
Rise Time (20% to 80%) t24 2 
2 


Fall Time (20% to 80%) t2_ 


=——: fr 
un 

+ 

= 

~ 

-_ 

< 





*Individually test each input applying Vyy4 or Vj, to input under test. 





7 





(Vcc) 
Gnd 


1,16 


89LOLDIN 


(M\) MOTOROLA 


9 + 2-BiT PARITY | 
GENERATOR-CHECKER 


The MC10170 is a 11-bit parity circuit, which is segmented into 
9 data bits and 2 control bits. 

Output A generates odd parity on 9 bits; that is, Output A goes 
high for an odd number of high logic levels on the bit inputs in 
only 2 gate delays. 

The Control Inputs can be used to expand parity to larger num- 
bers of bits with minimal delay or can be used to generate even 
parity. To expand parity to larger words, the MC10170 can be 
used with the MC10160 or other MC10170’s. The MC10170 can 
generate both even and odd parity. 


Pp = 300 mW typ/pkg (No Load) 


tod 2.5 ns typ (Control Inputs to B Output) 
4.0 ns typ (Data Inputs to A Output) 
6.0 ns typ (Data Inputs to B Output) 


= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Control 


15B 
Inputs 


Even Parity 


2A 
Odd Parity 


INPUTS OUTPUTS 
Sum of | Odd Parity 
D Inputs 
at High Level 
| Odd | High | tow 
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9 + 2-BIT PARITY 
GENERATOR-CHECKER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECI 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 
01890 | =1.890 | ~1.205 | -r500 | 52] 


mac_| - | - [| - | - | - [1036] 






@ Test 
Temperature 


-30°C 
+25°C 
+85°C 







































Pin MC10170 Test Limits 


Under 
[Foner Supply Drain Current | te | 8 | - | 7% | - | 87 | 7 | - | 7 | made 
5 220 wAdc 5 8 1,16 
ee ee 
15 -1.060 | -0.890 | -0.960 ~0.810 | -0.890 | -0.700 Vdc 14 

15 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vdc 13,14 

15 -1.080 -0.980 -0.910 Vdc 
ieanmnll Dad oe sees 

dc 


Switching Times (50-ohm Load) 
Propagation Delay 









Characteristic 
















[Pusein [Pane ou | 32v | ov] 


13 15 8 1,16 
14 15 
3 2 
3 15 


joo | se | is | | | ~ | - | os | 2 | 
4.3 Pm RMrsErSe ! ae 






13+15+ 
t14-15- 
13+2- 









Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 










OZLOLOIN 





(A) MOTOROLA 


DUAL BINARY TO 1-4-DECODER 
(LOW) 


The MC10171 is a binary coded 2 line to dual 4 line decoder 
with selected outputs low. With either EO or E1 high, the corre- 


sponding selected 4 outputs are high. The common enable E 
when high, forces all outputs high. 


Pp = 325 mW typ/pkg (No Load) 
tod = 4.0 ns typ 
= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vcc1 Pin 1 
Vcc2 Pin 16 
VEE Pin 8 


TRUTH TABLE 


zeazzzr|& 
zazzrzz|? 





@ = Don’t Care 
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BINARY TO 1-4-DECODER 
(LOW) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test Procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are @ Test 


tested in a similar manner. Temperature 
-30°C 







TEST VOLTAGE VALUES 
(Voits) 


asc [20-890] -1.890 
-0.700 -1.035 


VEE 
Pi MC10171 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Unde | 30°C | ttc | tec | (Voc) 
[Power Supply Drain Current |e | a in eel eee 
| 


i 8] ae eee 77 Bet al 
Input Current linH 20 Adc | 14 — 
ra ra ee ed ee ee ae ee 





















i pt_ydet 
Or] orl on 
NOP NI] PR 








n 
4 
4 
Logic ‘1°’ VOH -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 15 
Output Voltage 3 -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 15 
3 a 
es | 
ez 


; 

1 

6 

1 

Logic 0’ Output Voltage 1 -1.890 | -1.675 | -1.850 | -1.650 2,7,9,14,15 

6 

1 

6 ; -1.630 ~-1.595 | Vac 2,9,14,15 1,16 

1 -1.630 -1595 | Vdc 2,7,14;15 1,16 


Logic ‘’1"’ VOHA -1.080 -0.980 -0.910 Vde 
Threshold Voltage -1.080 -0.980 -0.910 Vde 
+0.31V Puise In -3.2V 
| } 


Se ee ee ee) oh 
a af De fle Up le 
ADE AIA A HD M 


Logic ‘’0” VOLA -1.655 
Threshold Voitage -1.655 
Switching Times 


(50 2 Load) 
Propagation Delay 



















6 
3 


| 
| 






Rise Time (20% to 80%) 


—_ —_ — at 
WPOVXBDHD ® 





Fall Time (20% to 80%) 





LZLOLOIN 


(A) MOTOROLA 


DUAL BINARY TO 1-4-DECODER 
(HIGH) 


The MC10172 is a binary-coded 2 line to dual 4 line decoder 
with selected outputs high. With either EO or E1 low, the corre- 
sponding selected 4 outputs are low. The common enable E, when 
high, forces all outputs low. 


Pp 325 mW typ/pkg (No Load) 
tod = 4.0 ns typ 
= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Veci1 = Pin1 
Vcc2 Pin 16 
VEE Pin 8 


TRUTH TABLE 


erxzrzx|By 


¢ = Don’t Care 
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DUAL 
BINARY TO 1-4-DECODER 
(HIGH) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 







TEST VOLTAGE VALUES 


(Voits) 
Vilmax ViHAmin | ViLAmax 
-0.890 -1.890 -1.205 -1.500 
(Vcc) 
Gnd 


- — 
SOIT 2. Test iis TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Input Current linH uAdc 14 8 
link uAdc 8 
Logic “1” VOH 1.060 {| -0.890 | -0.960 -0.810 | -0.890 {| -0.700 Vde 8 
cea Voltage 1 060 | -0.890 ead 960 -0.810 | -0.890 | -0.700 Vdc v 8 
8 
Ese ew 
7 8 
8 



















tested in a similar manner. ©) Test Sem 
Temperature 
+85°C -1.035 -1.440 -5.2 


















S13 
co) 
x 
> 












Logic 1" -0.910 Vde 
Threshold Voltage -0.910 Vdc 
-1.595 Vde 2,9,14 1, 6 
-1.595 Vdc 2,7,14 9 1,16 


Logic ‘’0”’ 
7 1, 16 

' ; 

14 13 

14 , 13 

2 ; 6 

14 ; 13 

2 6 

13 


Threshold Voltage 


Switching Times 
(50 2 Load) 


Propagation Detay 











: =i 


Rise Time (20% to 80%) 











Fall Time (20% to 80%) 





CLLOLOIN 


(A) MOTOROLA 


QUAD 2-INPUT 
MULTIPLEXER/LATCH 


The MC10173 is a quad two channel multiplexer with latch. It 
incorporates common clock and common data select inputs. The 
select input determines which data input is enabled. A high (H) 
level enables data inputs DOO, D10, D20, and D30 and a low (L) 
level enables data inputs D01, D11, D21, D31. Any change on the 
data input will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the clock. 
While the clock is in the high state, a change in the information 
present at the data inputs will not affect the output information. 


Pp = 275 mW typ/pkg (No Load) 
tod = 2.5 ns typ 
= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Select 9 


DOO 6 


DO1 5 


D30 11 


D31 10 


Clock 7 


TRUTH TABLE 


H L Doo 
L L Dot 
¢ H Q0, 


@ = Don’t Care 
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QUAD 2-INPUT 
MULTIPLEXER/LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


9 |_| Select 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- TEST VOLTAGE VALUES 

cations shown in the test table, after thermal equilibrium has been estab- (Volts) 

lished. The circuit is in a test socket or mounted on a printed circuit board @ Test 

and transverse air flow greater than 500 linear fpm is maintained. Outputs Temperature 










MC10173 Test Limits 





OnNOM 





6 8 16 
5 8 16 
+1.11 Vde |+0.31Vde | Pulse!n | Pulse Out | -3.2 Vde|+2.0 Vde 


1 8 16 


are terminated through a 50-ohm resistor to — 2.0 volts. -30°C -0.890 -1.890 -1.205 
+25°C -0.810 -1.850 
Pin VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under (Voc) 
Pempesomeees |e Pe eet aoe ee 
input Current lin 295 uAdc —— = 8 16 
‘7 295 6 - 
250 7 x 
250 9 
: er At mM | 
Logic "1" eae 060 id 890 se =e -0.810 | -0.890 | -0.700 Vde 7 - 8 16 
Output Voltage ~1.060 ; -0.890 | -0.960 -~0.810 | -0.890 | -0.700 Vde 7 8 16 
Logic "0" : -1.675 | -1.850 -1.650 } -1.825 | -1.615 Vdc ; 
Output Voltage -1.675 -1.850 -1.650 | -1.825 -1.615 Vde 
Logic ‘'1"' pean 
Threshold Voltage 
Logic 0" ue -1.655 -1.630 -1.595 
Threshold Voltage -1.655 ~1.630 ~1.595 Vde 
Switching Times 
Propagation Delay 
Data Input 
Clock Input 


Select Input 


Setup Time 
Data Input 
Select Input 


Hold Time 
Data Input 
Select {nput 


Rise Time 
(20 to 80%) 


Fal! Time 
(20 to 80%) 





*ViLmin applied to each input pin, one ata time. 





EZLOLOIW 


(AA) MOTOROLA 


DUAL 4 TO 1 MULTIPLEXER 


The MC10174 is a high speed dual channel multiplexer with 
output enable capability. The select inputs determine one of four 
active data inputs for each multiplexer. An output enable forces 


DUAL 4 TO 1 MULTIPLEXER 


both outputs low when in the high state. 


Pp 305 mW typ/pkg (No Load) 
tod = 3.5 ns typ (Data to output) 
2.0 ns typ (20%—-80%) 








L SUFFIX 
CERAMIC PACKAGE 
CASE 620 
LOGIC DIAGRAM 
P SUFFIX 
Doo PLASTIC PACKAGE 
CASE 648 
DO1 
02 00 FN SUFFIX 
p02 > PLCC 
20; CASE 775 
p03 
A 
DIP 
- PIN ASSIGNMENT 
Enable 
D10 
D11 Vv 
015 Q1 CC2 
D12 a1 
Enable 
D13 
D10 
Vcc2 = Pin 16 
VEE = Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 





@ = Don't Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fom is maintained. Outputs are terminated through a 50-ohm resistor 


to —2.0 volts. Test procedures are shown for only one input, or for one set TEST VOLTAGE VALUES 








of input conditions. Other inputs tested in the same manner. (Volts) 








@Test 
Temperature | Vil max Vit min | ViHA min | VILA max 
“30°C , 


+85°C | -0.700 -1.825 -1.035 









MC10174 Test Limits 
+25°C +85°C 





TEST VOLTAGE APPLIED TO PINS LISTED BELOW 











Characteristic 


Power Supply Drain Current 








Input Current 














Logic ‘'1” 
Output Voltage 





Logic ‘‘0"’ 
Output Voltage 





Logic ‘‘1"’ 

Threshold Voltage 
Logic ‘‘0” 

Threshold Voltage 
Switching Times 

(50 22 Load) 
Propagation Delay 











Rise Time 

(20% to 80%) 
Fall Time 

(20% to 80%) 








| | | 
reer == 


Pulse Out 


(Vcc) 


-1Q) 
3 2B 


od aah 
a oe 
ao 


os 
ar 
ao 


PLLOLOIN 


_ 
o 


1,16 


+2.0V 


| (MA) MOTOROLA 


QUINT LATCH 


The MC10175 is a high speed, low power quint latch. It features 
five D type latches with common reset and a common two-input 
clock. Data is transferred on the negative edge of the clock and 
latched on the positive edge. The two clock inputs are “OR”ed 
together. 

Any change on the data input will be reflected at the outputs 
while the clock is low. The outputs are latched on the positive 
transition of the clock. While the clock is in the high state, a change 
in the information present at the data inputs will not affect the 
output information. The reset input is enabled only when the clock 
is in the high state. 


Pp = 400 mW typ/pkg (No Load) 
tod 2.5 ns typ (Data to Output) 
2.0 ns typ (20%—80%) 


LOGIC DIAGRAM 


@ = Don’t Care 
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QUINT LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 








TEST VOLTAGE VALUES 
(Volts) 







are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are  @ Test 
shown only for selected inputs and outputs. Other inputs and outputs are Temperature Vi max | Vit min | VIHA min 
tested in a similar manner. -30°C -0.890 












+25°C -0.810 ~1.850 




















Characteristic 


Power Supply Drain Current 


input Current 










-1.060 | -0.890 | -0.960 
-1.060 | -0.890 ; -0.960 


Output Voltage 


Logic ‘1’ VOHA 
Threshold Voltage 

Logic “QO” VOLA 
Threshoid Voltage 












ot 
=> 
oo 
© Oo 
oo 
= la 
aad 
oOo 


Switching Times 














Data input t10+14+ 
t10-14- 
t6-14+ 
t6-14- 





Clock Input 






Reset Input 






+85°C -1.825 = 
MC10175L Test ee 
Under [30° | 85°C 
Symbol | Test ae | Max | Min | typ | Max | Min | Max | VIHA min 
P= | to | ae Oe eS ee Be tee 
linH 290 uAdc 
290 
20 290 
650 
A 
Logic ‘1’ -0.810 | -0.890 | -0.700 Vde 
Output Voltage -0.810 ; -0.890 ; -0.700 Vdc 
Logic “0”’ -1.890 | -1.675 -1.850 -1.650 | -1.825 ~1.615 Vde 
-1.890 | -1.675 -1.850 -1.650 | -1.825 -1.615 Vdc 
-1.080 -0.980 -0.910 Vde 10 
-1.080 -0.980 -0.910 Vdc 12 
+1.11 Vde | +0.31 Vde 
| 6,7 10 
6, Z 10 
10,6 
10,6 
7,11 
7,11 
7 6,10 
7 6,10 
6,7 10 
6,7 10 


1.0 
1.0 





Setup Time 
Hold Time 


Rise Time (20 to 80%) 
Fall Time (20 to 80%) 










@ Individually test each input; apply Vi_ min to pin under test. 
@ Output latched to high logic state prior to test. 
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a (M\) MOTOROLA 


HEX “D” MASTER-SLAVE 
FLIP-FLOP 


The MC10176 contains six high-speed, master slave type “’D’’ 
flip-flops. Clocking is common to all six flip-flops. Data is entered 
into the master when the clock is low. Master to slave data transfer 
takes place on the positive-going Clock transition. Thus, outputs 
may change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not affect the 
output information any other time due to the master-slave con- 
struction of this device. 


HEX “D” MASTER-SLAVE 
FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp 460 mW typ/pkg (No Load) 
tr, te = 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


¢@ = Don’t Care 
*A clock H is a clock transition 
from a low to a high state. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 16,000 series circuit has been designed to meet the dc specifi- TEST VOLTAGE VALUES 
cations shown in the test table, after thermal equilibrium has been estab- (Volts) 
lished. The circuit is in a test socket or mounted on a printed circuit board @Test 


and transverse air flow greater than 500 linear fpm is maintained. Outputs Temperature 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
x00 | 1990 | -1205_| 


shown for only one data input, and the clock input, and for one output. Other 
P0810 | -1.850_| 


inputs and outputs tested in the same manner. 


(Vcc) 













+ + 3 
on WwW 
aw so 
°o 6 O 
aa 0 











Pin ; MC10176 Test Limits 


ee 


2 
Symbol | Test pees Typ 


Characteristic 


Power Supply Drain Current 





uAdc 


Input Leakage Current pAdc 


pAdc 


Logie ‘1° VOH 
Output Voltage 


Logic ‘‘0” VOL 
Output Voltage 





Logic ‘4 ee 
Threshold Voltage 


2t 
15t 


Logic *’0”’ 
Threshold Voltage 


2t 
15t 





Switching Times 
Clock Input ** 
Progagation Delay t9+2+ 


Rise Time (20 to 80%) 
Fall Time (20 to 80%) 


Hold Time 
Toggle Frequency 


< < 
‘o) .e) 
cr <r 
> > 


of 
si F 
roy 





Vdc 


5 

12 
‘ +2.0 
+1.11 Vde | +0.31 Vde Vde 
fe 


Vde 
Vd 


2. < 


Ic 
Vde 
Vde 


Vde 8 1,16 
8 1,16 


ios) 





a 


+ Output level to be measured after a clock pulse has been applied to C input (pin 9) | | VIH max 


Vit min 
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- (M\) MOTOROLA 


BINARY COUNTER 


The MC10178 is a four-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight or a divide-by-sixteen function. 

Clock inputs trigger on the positive going edge of the clock 
pulse. Set and Reset inputs override the clock, allowing asyn- 
chronous “set” or “clear.” Individual Set and common Reset in- 
puts are provided, as well as complementary outputs for the first 
and fourth bits. True outputs are available at all bits. 


Pp 370 mW typ/pkg (No Load) 
ty, te = 2.7 ns typ (20%-80%) 





LOGIC DIAGRAM 








z : 
0 
Cc 
—| 
n 





No Count 





ee er ee eee rrzr|g| 


eles oA il ag al alt cs re Oa 
i wg ges oe os a A et a a a a a 


Terterrrritiriririr 
Earle er Le rcv re 





L 
H 
L 
L 
L 
L 
L 
L 
L 
Le 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
D 


on't Care 


FO pr r mr rr rr rrr rrr rr ieee 


Clock transition from Vj, to Vip 


V 
vii_/ ue may be applied to C1 or C2 or both 
for same effect... 
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MC10178 


_ BINARY COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Vec2 
Qo 

Qo 

Q1 
Clock 1 
SO 
Clock 2 


Reset 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 


are terminated through a 50-ohm resistor to —2.0 volts. Test procedures are TEST VOLTAGE VALUES 
shown for only selected inputs and outputs. Other inputs and outputs tested (Voits) 
in the same manner. @ Test 
Temperature |Vitimax|Vitmin |ViMAminViLAmex| VEE | 
-30° [so [rao [tate [io [ea | 


+a5°c_[-0.700 | -1.826 | -1.035 | 1440 | -82_ 


Pin MC10178_ Test Limits TEST VOLTAGE APPLIED TO 
Under |____=30°C_ PINS LISTED BELOW: (Vee! 
Input Current lin sr — 245 
“ 220 220 
= 410 410 
tt 
Logic ‘1°’ Output Voltage -1.060 | -0.890 ; -0.960 -0.810 | -0.890 | -0.700 Vde 
-1.060 |; -0.890 | -0.960 -0.810 ; -0.890 | -0.700 Vde 
Logic ‘’0’’ Output Voltage -1.890 ;} -1.675 } -1.850 -1.650 } ~1.825 } -1.615 Vdc 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
Logic ''1’’ Threshold Voltage VOHA Vdc 1,16 
Vde 1,16 
1,16 





o 





E 
co 000 





oO 6 


oo 






oO oO 0 
































Set Input 
Reset Input 


SCS I 
cca a A ee ee 


eee Le ee (ee ae a 


*Individually test each input applying Vj, to input under test. 


Logic ‘‘0’’ Threshold Voltage Vv 8 1,16 
ore " 8 1,16 
: 9 8 1,16 
Switching Times -3.2 Vdc| +2.0 Vdc 
Clock Input t124+15+ 15 s 12 15 8 1,16 
Propagation Delay t12-13- 13 13 
t12+4- 4 4 
t42-3+ 3 3 
Rise Time (20 to 80%) t15+ 15 15 
Fall Time (20 to 80%) t15- 


Sa Et EL 
ae eS ee : a ee 


Counting Frequency 





SZLLOLOIN 


(MA) MOTOROLA -Mc10181 


4-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 


4-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 


The MC10181 is a high-speed arithmetic logic unit capable of 
performing 16 logic operations and 16 arithmetic operations on 
two four-bit words. Full internal carry is incorporated for ripple 
through operation. 

Arithmetic logic operations are selected by applying the appro-. 
priate binary word to the select inputs (SO through S3) as indicated 
in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (Gg) are provided to allow fast operations 
on very long words using a second order look ahead. The internal 
carry is enabled by applying a low level voltage to the mode 
control input (M). 

When used with the MC10179, full-carry look-ahead, as a second 
order look ahead block, the MC10181 provides high speed arith- 
metic operations on very long words. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 24 
1 


Pp = 600 mW typ/pkg (No Load) 
tod (typ): Al to F = 6.5 ns 
Cy to Cy.4 = 3.1 ns 
Al to Pg = 5.0 ns 
Al to GG = 4.5 ns 
Al to Cy,4 = 5.0 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


LOGIC DIAGRAM 


PIN ASSIGNMENT 


SO S1 $2 $3 
AO FO 


F1 


=k 


Vcc1=Pin 1 
F2 Vcc2 = Pin 24 


Veg =Pin 12 
F3 ee 


GG 
PG 


Logic Functions Arithmetic Operation 
Function Select | Mis High C = D.C. Mis Low Cp is low 
$3 S2 S1 SO F F 


plus (AeB 
plus (Ae B) 
times2 
+ B) plus 0 
+ B) plus (A «B) 
plus B 
plus (A + B) 
+ B) plus 0 
minus B minus 1 
+ B) plus (A+B) 
plus (A + B) 
inus 1 (two’s complement) 
(Ae B) minus 1 
(Ae B) minus 1 
A minus 1 


o © NO wo f& W ND 


inn 
a pid! ii 
8++>dI 
>>r>rYr>p> 


Tr 


wl. oo 
J 
3 


~~ 


ny} TTh + 
nmi y tiny, Stan 
I Dp PD li gy 
mWOe + @aie 
a7 qo 


F=A+B 
F = Logical “0" 
F=AeB 
F=AeB 
F=A 


TEUeTerrrr TPttTIITereereere 
3 > 


Srrr rere ererree 
Zrterrrrerrrrreriitrere 
Sete rere Teste terse 
ranma ANAMAAAAAATT 
hut bot bak tt tb ob hed 
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POSITIVE 








LOGIC DIAGRAM 
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ep SST 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs TEST VOLTAGE VALUES 


are terminated through a 50-ohm resistor to — 2.0 volts. 


@ Test 
MC10181 Test Limits 


Pin TEST VOLTAGE APPLIED TO PINS BELOW: 
Under a | 485°C | 


0.890] [0.700 | 


[Lon Guu voexe [Vox 2000-7675] 1900 | =f 80 |-1920[=1 66) 
oa meat 
aed zai 




















Characteristic 


Power Supply Drain Current 


Input Current 













Input Leakage Current 





P= [-osa0] — | — Fost] — 
press — | - | -1630[ — [1595 


“Test all input-output combinations according to Function Table. 
** For threshold level test, apply threshold input tevel to only one input pin at a time 







AC Switching Characteristics 














Character istic Symbol 









Propagation Delay 





Rise Time, Fall Time 


Cy+qg | A0,A1,A2,A3 
Cniq | AO,A1,A2,A3 : 


Fi AO 1 
Za eee 
1 
Fl 5 
Rise Time, Fall Time 


7 
7 
3 
Propagation Delay t++, t-- Al $083 
Rise Time, Fall Time tt, t- Al $0,S3 
A0,A2,A3,Cy 
; A0,A2,A3,C 7 
Propagation Delay tt+-, t-+ Al CH+4 A0,A2,A3,Cy ; ‘ 
Rise Time, Fatl Time t+, t- Al Cn+4 A0,A2,A3,C , ; 1.0 | 3.2 ns 
Propagation Delay tt+, t-+ B1 F 1 $3, Cry 2.7 | 11.3 | 30}; 8.0 11 3.0 | 11.9 ns 
Rise Time, Fall Time tt, t- B1 F1 SoCy 1.2) 5.3 | 1.57 35] 5.0 LS |S ns 


Propagation Delay 





















Rise Time, Fall Time tt, t- 61 Cni4 $3,Cy, 0.9} 3.1 1.0] 20) 30] 1.0] 3.2 ns 
“pati contin | me | wm | er | — | sa| sa] 18) 40) so] 48) 33] | 
Rise Time, Fall Time tt, t- M F 4 1.74} 51] 15] 40] 5.0 5.3 ns 
ad ES rE 
Rise Time, Fall Time tt, t- $1 F4 Al, B1 1.0; 54] 1.5 3.0} 5.0 5.4 ns 
Rise Time, Fall Time tt, t- $1 PG A3,B3 0.8; 5.1747 1.1; 30} 50] 1.1] 5.2 ns 
Rise Time, Fall Time tt, t- $1 CH+4 A3, B3 0.9; 5.3 1.1 3.0; 50] 1.0; 5.2 ns 
Rise Time, Fall Time tt, t- $1 GG A3,B3 0.8; 62; 08; 3.0] 60] 0.8/ 6.5 ns 

T Logic high level (+1.11 Vdc) applied to pins listed. All other *L Suffix Only 


input pins are left floating or tied to +0.31 Vdc. 
Vcc1 = Vcc2 = +2.0 Vde, Veg = -3.2 Vde 
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(MA) [MOTOROLA MC10186 


HEX “D” MASTER-SLAVE 
FLIP-FLOP/WITH RESET 


HEX “D’” MASTER-SLAVE 
FLIP-FLOP/WITH RESET 


The MC10186 contains six high-speed, master slave type “’D” 
flip-flops. Clocking is common to all six flip-flops. Data is entered 
into the master when the clock is low. Master to slave data transfer 
takes place on the positive-going Clock transition. Thus, outputs 
may change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not affect the 
output information any other time due to the master-slave con- 
struction of this device. ACOMMON RESET IS INCLUDED IN THIS 


CIRCUIT. RESET ONLY FUNCTIONS WHEN CLOCK IS LOW. L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


Pp = 460 mW typ/pkg (No Load) 
ftoggle = 150 MHz (typ) 
ty, ts = 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Clock 9 


Reset 1 


Pin assignment is for Dual-in-line Package. 


¢@ = Don’t Care 
For PLCC pin assignment, see tables on page 1-35. 


*A clock H is a clock transition 
from a low to a high state. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 





TEST VOLTAGE VALUES 












shown for only one data input, the clock input, and the reset input, and for @ Test (Volts) 
one output. Other inputs and outputs tested in the same manner. Vontpacature 
-30°c | _-0.890 | -1.890 }| -1.205 | -1.500 | -5.2_| 







+25°c| -1.810 | -1.850 | -1.105 | -1.475 | -5.2 
| 0.700 | -1.825 | -1.035 | -1.440 | -5.2_| 
MC10186_ Test Limits 


Under Vee! 
Sete Test_| min | | Min | eet nf ten | ut ee 
ee ce 
350 
495 
a 920 = 


Te | 
BE 
shes 
Steet teehee ee ee ELE 
t -1. re <5 890 -0. 960 -0.810 } -0.890 } -0.700 8 
ees ee et te) 
t -1. '890 -1 675 -1 850 -1.650 | -1.825 Vdc 8 16 
frroso| = [oso | - | — [ool - [ve | - | - | 2 | - [3 [el 
t -1 080 -0.980 -0.910 8 16 
Se ee tet te 
Tt -~1.630 


4.6 1.6 




























Characteristic 


Power Supply Drain Current 


Input Current oe 


Input Leakage Current 
Logic “1” 
Output Voltage ‘i 


Logic ‘’0"' Ta 
Output Voltage i 


Logic “1” VOHA 
Threshold Voltage 

Lagic ‘’0"’ 

Threshold Voltage 






a 
: 
= 
ie 










Switching Times 
Propagation Delay 
(50 2 Load) 










Rise Time (20 to 80%) 
Fall Time (20 to 80%) 


“Hold Time 





~~ 
Ot fo») 


VIH 
tOutput level to be measured after a clock pulse. VIL gee appears at clock input (pin 9). 
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(MA) MOTOROLA MC10188 


HEX BUFFER WITH ENABLE 


HEX BUFFER 
WITH ENABLE 


The MC10188 is a high-speed hex buffer with a common Enable 
input. When Enable is in the high state, all outputs are in the low 
state. When Enable is in the low state, the outputs take the same 
state as the inputs. . 


Power Dissipation = 180 mW typ/pkg (No Load) 
Propagation Delay = 2.0 ns typ (B - Q) 


L SUFFIX 
2.5 ns typ (A - Q) 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Xx 


O 
ber 


12 


_ TRUTH TABLE Common 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the 
dc specifications shown in the test table, after thermal equi- 
librium has been established. The circuit is in a test socket or 






TEST VOLTAGE VALUES 


F (Volts) 
Vinamin | Vitamax | Vee | 
-0.890 -1.890 -1.205 -1.500 -5.2 
(Vcc) 
Gnd 



























mounted on a printed circuit board and transverse air flow greater _- @Test 
than 500 linear fpm is maintained. Outputs are terminated . - Temperature 
through a 50-ohm resistor to -2.0 volts. Test procedures are -30°C 


shown for one set of conditions. Complete testing according to 
truth table. 


-0.810 1.850 -1.105 eo 
0.700 ~1.825 1.035 
Characteristic 


F Test Limits 

Pin ° ° : ° 
Power Supply Drain 
Current 


Pe be a 
Logic ‘’1 Vv 
Output Voltage 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 5 


+25°C 





| 
ol 
N 



























5 


Logic “1 VOHA 

Threshold Voltage 2 -1.080 
Logic ““O VOLA 

Threshold Voltage 2 


Switching Times 
(50 9) Load) 
Propagation Delay 


{ 
ay OH 
Logic ‘’0”’ - VOL 
Output Voltage 2 1.890 -1675 | -1.850 | -1.650 | -1.825 | -1.615 Vdc 











Enable . 
Data 







«gq UN 


Rise Time, Fall Time 
(20% to 80%) 
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(AM) MOTOROLA 


HEX INVERTER WITH ENABLE 


The MC10189 provides a high-speed Hex Inverter with a com- 
mon Enable input. The hex inverting function is provided when 
Enable is in the low state. When Enable is in the high state all 
outputs are low. 


Pp = 200 MW typ/pkg (No Load) 
tod = 2.0 ns (Y-Q) 
= 2.5 ns (X-Q) 


LOGIC DIAGRAM 


TRUTH TABLE 
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MC10189 


HEX INVERTER WITH ENABLE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204 CASE 775 


DIP 
PIN ASSIGNMENT 


91 | Common 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the 
dc specifications shown in the test table, after thermal equi- 
librium has been established. The circuit is in a test socket or 








TEST VOLTAGE VALUES 


(Volts) 
Vimax VinAmin | ViLAmax 
(Vec) 
Gnd 





mounted on a printed circuit board and transverse air flow greater @ Test 
than 500 linear fpm is maintained. Outputs are terminated Temperature 
through a 50-ohm resistor to -2.0 volts. Test procedures are -30°C 








shown for one set of conditions. Complete testing according to 
truth table. 


+25°C 


: Test Limits 
Bin TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
Under 
Symbol Test 


| Min | Max | Vinimax Viamin | ViLamax 
1 


| Min | Max | Min _| 
at Sl Ba el ae ia 
=p p= 
6 
6 


=e 
ir 














Characteristic 


Power Supply Drain Ig 
Current 
ind | 8 


Input Current 

Logic “1” VOH 
Output Voltage 

Logic *‘O”’ VOL 
Output Voltage 

Logic “1”’ VOHA 
Threshold Voltage 


Logic ‘‘O”’ VOLA 
Threshold Voitage 


Switching Times 
(50 0 Load) 
Propagation Delay 






-1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Cee ee 
1.890 -1.675 ~1.850 -1.650 -1.825 Vde re 






’ 
’ 







1 
1 


2 
2 
2 
2 
2 
2 





ns 
3.9 1 3.5 1.1 3.9 
3.3 1 2.9 1.0 3.3 
2 3.7 1 3.3 1.1 : 











8 





Enable 
Data 







A 
ne) 
1 






Rise Time, Fail Time 
(20% to 80%) 
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(MA) MOTOROLA 


QUAD MST TO MECL 10,000 
TRANSLATOR 


The MC101090 is a quad translator for interfacing from IBM 
MST-type logic signals to standard MECL 10,000 logic levels. This 
circuit features differential inputs for high noise environments or 
may be used with single ended lines by tieing one of the inputs 
to ground. Since the MC10190 is.designed to accept signals cen- 
tered around ground, it is a useful interface element for many 
communication systems. When pin 9 is connected to Vcc the 
circuit becomes a line receiver for MECL signals. The outputs go 
to a low level whenever the inputs are left floating. 


Pp = 215 mW typ/pkg (No Load) 
tog = 2.5 ns typ 
tr, te = 2.0 ns.typ (20%-80%) 


LOGIC DIAGRAM 


Vcc = Pint 

Vcc2 = Pin 16 
VEE = Pin 8 
Vss = Pin 9 Translator 
Vcc = Pin 9 Receiver 
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MC10190 


QUAD MST TO MECL 10,000 
TRANSLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Cin 


Vss or Vcc 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tabies on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 


shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 


’ MC10190 Test Limits 
Pin 





Characteristic 


Power Supply Drain Current 


oe 
Reverse Leakage Current lop Fa | 


Logic ‘’1’’ Output Voltage 


Symbol] Test 


| Max | Min [ Typ| Max | 
at] Be] 
eee 
70 
at tata ta 

2 -1.060 -0.890 -0.960 -0.810 ~0.890 ~0.700 
2 ~1.060 ~0.890 -0.960 -0.810 -0.890 -0.700 
Logic 0" Output Voltage Vo. | 2. |-1.890 Eee ke -1.615 
2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 

2 


< a 
oO 3 ]0 
spN 


| -1-595 | 


Logic ‘‘0"’ Threshold Voltage Vv ~1.655 
OLA 


Common Mode Rejection Test VOH 2 -1.060 | -0.890 | -0.960 ~0.810 | -0.890 | -0.700 
2 -1.060 | -0.890 ]} -0.960 ~0.810 | -0.890 | -0.700 


Vor | 2. {-1.890 | -1.675| -1.850 ; 
2 |-1.890 | -1.675] -1.850 


a 


ck 
a afo aalao es 


F~\ 
~“ 


Rise Time ta+ 
Fall Time 2 1.1 4.7 
(20% to 80%) a 


*Vss = IBM Supply Voitage. 

ViHM = Input Logic ‘'1"’ for 1BM levels. 

ViLM = Input Logic “‘0’' for IBM levels. 

ViHH = Input logic ‘’1” level shifted positive for common mode rejection tests. 
ViLH = Input logic “0” level shifted positive for common mode rejection tests. 
ViHt = Input logic ‘1"' level shifted negative for common mode rejection tests. 
ViLL = Input iogic “0” level shifted negative for common mode rejection tests. 





OG, 0, to) 
5 


-1.650 | -1.825 | -1.615 | Vdc 
-1.650 | -1.825 | -1.615 | Vdc 


2 
7 
[Switching Times 
(50 ohm load) 
Propagation Delay ta-2+ 2.5 3.7 
tq4+2- 2.5 3.7 


TEST VOLTAGE VALUES 
(Volts) 


-0.890 | -1.890 | -1.205 [ -1.500_[+0.374 [ -0.523 | +0.186 | -0.850 | -1486 | -253 | +125 | -5.2 | 
| -1.105 | -1.475 [+0.440 | -0.490 | +0.186 | -o.850 | -1.486 | -253 | +1.25 | -5.2 | 


| -1.440 | +0.548 | -0.454 | +0.186 | -0.850 









| Vitimax| Vitmin| Vit Amin|ViLAmax Vinms | Viem*] Vinde* | Vircw* | Vines Vss« VEE Gnd 
46,10,12 | 5,7,11,13 
46,10,12 | 5,7,11,13 


a ee 
eae eae 
Eee 
ses 
pe ate 
Baan 
8 15,6,11,1 








Vcc 
VBB 


SWITCHING TIME TEST CIRCUIT 


Vin Vect = Vec2= +2.0 Vde Vout 


Coax 


Input 








Pulse Generator 


Unused outputs’ 
connected to a 
14 50-ohm resistor 
to ground. 


+2.0 V (Translator) 
+0.71 V (Receiver) 


Vss 
Vcc 


+ 3.25 V (Translator) F 
+2.0 V (Receiver) pe 


50-ohm termination to ground lo- 
cated in each scope channel input. 


VEE 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TP oy~¢ to Output pin. 
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Note: Unused outputs must be terminated to Vcc for proper operation. 


(MA) MOTOROLA 


QUAD BUS DRIVER 


The MC10192 contains four line drivers with complementary 
outputs. Each driver has a Data (D) input and shares an Enable 
(E) input with another driver. The two driver outputs are the un- 
committed collectors of a pair of NPN transistors operating as a 
current switch. Each driver accepts 10K MECL input signals and 
provides a nominal signal swing of 800 mV across a 50 12 load 
at each output collector. Outputs can drive higher values of load 
resistance, provided that the combination of IR drop and load 
return voltage V;_R does not cause an output collector to go more 
negative than — 2.4 V with respect to Vcc. To avoid output tran- 
sistor breakdown, the load return voltage should not be more 
positive than +5.5 V with respect to Vcc. When the E input is 
high, both output transistors of a driver are nonconducting. When 
not used, the E inputs, as well as the D inputs, may be left open. 


Open Collector Outputs Drive Terminated Lines or 
Transformers 
50 kQ. Input Pulldown Resistors on All Inputs (Unused 
Inputs May Be Left Open) 
Power Dissipation = 575 mW typ/pkg (No Load) 
Propagation Delay = 3.5 ns typ (E — Output) 
3.0 ns typ (D — Output) 






LOGIC DIAGRAM 


D4 
E2 


TRUTH TABLE 


H = HIGH Voltage Level 
L=LOW Voltage Level 
X=Don't Care 


Vcc=Pin 16 
VeE=Pin 8 
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MC10192 


QUAD BUS DRIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 





Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 


ovl-€ 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The-circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor to ground volts. Test procedures 


are shown for one set of conditions. Complete testing according to truth : @ Test 
table. Temperature 





TEST VOLTAGE VALUES 
(Volts) 


[=a890 [1800 | 1208 [1500 | 2 
[este [ 1880 [1108 | 146 | 8 
[=a7e0 [1906 | 1008 | -140 [52 

















—30°C 
+25°C 
+ 85°C 


















Test Limits 
Pin : 
Under |730°e | TEST VOLTAGE APPLIED TO PINS LISTED aie pha 
Characteristic Test a aie Vitamin | ViLAmax 


Power Supply Drain mAdc 
Current 


| Adc | 


Input Current linH 
Hint eee em ea wAde 

Logic “1” 

Output Current High 2 mAdc 5,6,10,11 
Logic “0” 

Output Current Low 2 13.5 mAdc 5,6,10,11 ° 
Logic “1” IOHC 

Output Current High mAdc 5,7,9,10,11 
Logic “0” loLtc 

Output Current Low meg 5, — 11 
Logic “0” 

Output Sink Current Low Nae | 
Load Return Voltage 
Absolute Max Rating. 

(Note 1) Volts 

Output Voltage Low 

(Note 2) VOLS Volts 


Switching Times 
(50 2 Load) 
Propagation Delay 
E to Output 3 
“Dito Output : 
| Rise Time, Fall Time 
~ - (20% to 80%) — 


NOTE 1 The 5.5 V value is a maximum rating, do not exceed. A 270 OHM resistor will prevent output transistor breakdown. 
NOTE 2 Limitations of load resistor and load return voltage combinations. Refer to page 1 description. 


a 






= 
top) 


o>) 





pas = — =v 
[o>] o 











—_ 
a 















= 
?) 
ond 
oO 
=a 
fe] 
NO 





(AA) MOTOROLA 


HEX INVERTER/BUFFER 


HEX INVERTER/BUFFER 


The MC10195 is a Hex Buffer Inverter which is built using six 
EXCLUSIVE NOR gates. There is a common input to these gates 
which when placed low or left open allows them to act as in- 
verters. With the common input connected to a high logic level 
the MC10195 is a hex buffer, useful for high fanout clock driving 
and reducing stub lengths on long bus lines. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 200 mW typ/pkg (No Load) 
tod = 2.8 ns typ (B-Q) 
tod = 3.8 ns typ (A-Q) 

= 2.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





LOGIC DIAGRAM 





Vcec1 = Pin1 
Vcc2 = Pin 16 
VeE = Pin8 
TRUTH TABLE 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 


TEST VOLTAGE VALUES 


Volts 


VOLTAGE APPLIED TO PINS LISTED BELOW: 
(Vcc) 


ae 
a Soa PAG Js 


Lng ee | Max_| 
es) 9 = [eee 
460 90 wAdc 9 8 1,16 
p05 | 0 aa 
| -0.960 | 


[ssf 
rae 
2 
a a oe ee 
960 | = 
360 [=| -1650-| 
980 | 
Pees] 







@ Test 
Temperature 


-30°C 
+25°C 
+85°C 





























MC 10195 _ Test Limits 










Characteristic 






Power Supply Drain Current 


Input Current 


Logic ‘’1’’ Output Voltage 







P= f= 

“0.960 eae ae ce 
eae cae Ee 
ee ae 







Logic ‘0’ Output Voltage 
Logic ‘‘1"’ Threshold Voltage 
[Losie "07 Threshold Voltage | VoLa 
Switching Time 
(50 ohm load) 

Propagation Delay 







ios | —_[-0a80 f= [osteo — [vee | 
1630 | — [1896 | Vae_ 


Le 
aaa 
ieee 
(eal? 
ae 
BREN 
5 
7 


2 8 1,16 
4 

10 13 

11 14 

9 14 : 

5 2 





a oe 























t7-4+ 
t10+13+ 
141-14- 
tg.14- 
t24+ 
























Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 













t2_ 





(A) MOTOROLA 


Ben ANE SE | HEX “AND” GATE 


The MC10197 provides a high speed hex AND function with 
strobe capability. 





Pp = 200 mW typ/pkg (No Load) 

tod = 2.8 ns typ (B-Q) 

tog = 3.8 ns typ (A-OQ ronal 

pd yp (A-Q) CERAMIC PACKAGE 
tr, te = 2.5 ns typ (20%-80%) CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Vcc2 
Fout 

Eout 

Dout 
Fin 


TRUTH TABLE Ein 


| Din 


Common 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 









TEST VOLTAGE VALUES 


Volts 


7 = 
Pin arn sallbc Lm Silas VOLTAGE APPLIED TO PINS LISTED BELOW: 
Onde -30°C | 85°C (Vcc) 
425 
460 






@ Test 
Temperature 


-30°C 


































Characteristic 


Power Supply Drain Current 


input Current 








A678 





Logic ‘’1'’ Output Voltage 


Logic ‘‘0°’ Output Voltage 
Logic ‘1°’ Threshold Voltage 
Logic ‘‘0”’ | Logic 0" Threshold Voltage | | Logic 0" Threshold Voltage | 


Switching Time 
(50 ohm load) 
Propagation Delay 













Rise Time 
(20% to 80%) 
Falt Time 
(20% to 80%) 
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(AA) MOTOROLA MC10198 


MONOSTABLE MULTIVIBRATOR 


The MC10198 is a retriggerable monostable multivibrator. Two 
enable inputs permit triggering on any combination of positive 
or negative edges as shown in the accompanying table. The trig- 
ger input is buffered by Schmitt triggers making it insensitive to 
input rise and fall times. 

The pulse width is controlled by an external capacitor and re- 
sistor. The resistor sets a current which is the linear discharge 
rate of the capacitor. Also, the pulse width can be controlled by 
an external current source or voltage (see applications information). 

For high-speed response with minimum delay, a hi-speed input 
is also provided. This input bypasses the internal Schmitt triggers 
and the output responds within 2 nanoseconds typically. 

Output logic and threshold levels are standard MECL 10,000. 
Test conditions are per Table 2. Each ‘Precondition’ referred to 
in Table 2 is per the sequence of Table 1. 


MONOSTABLE MULTIVIBRATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pp = 415 mW typ/pkg (No Load) 
tod = 4.0 ns typ Trigger Input to O 
2.0 ns typ Hi-Speed Input to O 


Min Timing Pulse Width PWomin 10 ns typ! 
Max Timing Pulse Width PWomax >10 ns typ2 
Min Trigger Pulse Width PWT 2.0 ns typ 
Min Hi-Speed PWus 3.0 ns typ 
Trigger Pulse Width 

Enable Setup Time tset 1.0 ns typ 
Enable Hold Time thold 1.0 ns typ 











1 Ceyt = 0 (Pin 4 open), Rey = 0 
(Pin 6 to Veg) 
2 Ceyt = 10 uF, Reyt = 2.7 kO 


Hi-Speed 
Input 
N/C 











CExt Trigger Input 









LOGIC DIAGRAM 
Vcc 


Enos NIC 










Rext N/C 


Ext. Pulse [| 
Width Control 










ENeg 






Vcci = Pin1 
4 Vcc2 = Pin 16 
VEE = Pin8 











Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 






Rext 











E pos 






External Pulse 
Width Control 









TRUTH TABLE 


OUTPUT | : . 


Triggers on both positive & negative input slopes 












| Epos | ENeg | 


ENeg 








Trigger 












Input Triggers on positive input slope 
Hi-Speed a 2 Triggers on negative input slope 
Input Trigger is disabled 
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TABLE 1 — PRECONDITION SEQUENCE 


1, Att =0 a.) Apply Vimax to Pin 5 and 10. 
b.) Apply Vitmin to Pin 15. 
c.) Ground Pin 4. 7 
2. Att =10ns_ a.) Open Pin 1. 
b.) Apply —3.0 Vdc to Pin 4. 
Hold these conditions for 
210 ns. 


3. Return Pin 4 to Ground and perform test as 
indicated in Table 2. 


Pin 4 Voltage (Vdc) 





TABLE 2 — CONDITIONS FOR TESTING OUTPUT LEVELS 
(See Table 1 for Precondition Sequence) 


——vVv 
pies —— VIHA min 
= VILA max | . | 
Pt VIL min p9 VIL min P3 VIL min 
Pins 1,16 = Vcc = Ground 
Pins 6,8 = Veg = 5.2 Vde 


Outputs loaded 50 1 to — 2.0 Vdc 






T 


Precondition 


Test Put! 5 | 10 | 13 | 


Precondition 


weet pun Senos | 
Test PUT! 5 | 10 | 13 | 15 | 











































VOH 2 VOHA 2 

VOH 3 VOHA 3 

Precondition Precondition 

VoL 3 VOLA 3 

VoL 2 VOLA 2 

Precondition Precondition 

VOHA 2 VOLA 2 ViL min 
VOHA 3 VOLA 3 VIL min 


Precondition Precondition | 


VOLA 3 
VOLA 2 
Precondition 
VOLA 3 
VOLA 2 
Precondition 
VoLA 3 
VoLA 2 
Precondition 
VOLA 3 
VOLA 2 










P2 
P3 





Precondition 
VOHA 2 
VOHA 3 
Precondition 
VOHA 2 
VOHA 3 
Precondition 
VOHA 2 
VOHA 3 











P2 
P3 
























PI 
P1 


VIHA min} VIH max 
VILA max] VIH max 


VIH max 
VIH max 






















P1 
P1 


VIH max 
VIH max 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 







TEST VOLTAGE VALUES 











are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are @Test Volts 
shown for only selected inputs and outputs. Other inputs and outputs tested Temperature VilAmax 
in the same manner. -30°C 







posi0 | 1950] 1.108 | -1.475 


+25°C 
+85°C 


=1.500 
-5.2 

























Characteristic 


Power Supply Drain 
Current 


: ; ica 
“i 


Logic “1” -1.060 | -0.890 | -0.960 
Output Voltage -1.060 | -0.890 | -c.960 
Logic *’0"' -1.890 -1.675 -~1.850 
Output Voltage -1.890 | -1.675 } -1.850 
Logic "1" VOHA -1.080 -0.980 
Threshold Voltage -1.080 -0.980 
Logic 0” VOLA -1.655 
Threshold Voltage -1.655 


Switching Times 


3 MC 10198 TEST LIMITS 
Symbol = Vitmin ViLAmax 


fe p | Max | nha 


mr — 
260 uAdc = is 
220 
uAdc 





© 


af 
oy o 


-0.810 | ~0.890 | -0.700] Vdc 
-0.810 | -0.890 | -0.700} Vdc 13 


-1.650 | -1.825 | -1.615] Vdc 8@ 
-1.650 | -1.825 } -1.615] Vdc 





~_ 





-0.910 
0.910 ce 
-1.630 -1.595] Vdc 
-1.630 ~-1.595] Vdc 


1.11 Vdc 
nis - 


6,8 1,16.4 
6,8 1,16,4 















Trigger Input 13 
13 
Hi-Speed Trigger Input 15 







Minimum Timing Pulse 
Width 

Maximum Timing Pulse 
Width 

Minimum Trigger Pulse 
Width 

Minimum Hi-Speed Trigger 
Pulse Width 
Rise Time (20% to 80%) 
Fall Time (20% to 80%) 

Enable Setup Time 

Enable Hold Time 
















Notes: The monostable is in the timing mode at the time of this test. 
g 


@) CEXxT = 0 (Pin 4 open) 
RexT = 0 (Pin 6 tied to Veg) 


@) Cext = 10uF (Pin 4) 
Rext =2.7k (Pin 6) 


eo i 
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SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Coax 


Input ys 


Pulse Generator 


+1.11 Lane (la 
0.1 ae 


Input Pulse 


tt =t-=2.0+ 0.2 ns 
(20 to 80%) 


50-ohm termination to ground lo- 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TPoyt to Output pin. 


EPos 


Trigger Input 


tT+O+ 
° 7 


High-Speed 
Trigger Input 


tHS+Q+ 








Veci = Vec2= +2.0 Vdc V oue 


Coax. ~ 








5 | 
| E | 
| | 
7 | External Pulse 3 
, Width Control 2 = 
10 le | 
Neg 
| | TPout 
13 | | 
oer Trigger Input | 
| 
is | 
———-| Hi-Speed Input | 
| | 
| | 
| | 
6s Cd! | 2 


Unused outputs are tied to a 50- 
ohm resistor to ground. 


Veg = -3.2 Vde 


50% 
tsetup (E) 
50% 


tHold(E) 
50% 


PWo 


PWus 


PWo 
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APPLICATIONS INFORMATION 


Circuit Operation: 


1. 


PULSE WIDTH TIMING — The pulse width is deter- 
mined by the external resistor and capacitor. The 
MC10198 also has an internal resistor (nominally 284 
ohms) that can be used in series with Rey. Pin 7, the 
external pulse width control, is a constant voltage 
node (— 3.60 V nominally). A resistance connected in 
series from this node to Veg sets a constant timing 
current I7. This current determines the discharge rate 
of the capacitor: 


AV 
Ip = Cext AT 


where 


AT = pulse width 
AV = 1.9 V change in capacitor voltage 


Then: 


AT = Cee LOY 





If REx¢ + Rint are in series to Veg: 


ly = [(-3.60 V) — (—5.2 V)] = [Reye + 284 0] 
It = 1.6 VRE x¢ + 284) 


The timing equation becomes: 





AT = [(Ceyq)(1.9 V)] + [1.6 VRE x¢ + 284)] 
AT = Cext (REx¢t + 284) 1.19 


where AT = Sec 
Cext = Farads 


FIGURE 1 — 


MC10198 


~3.60 V External 
Pulse Width Control 


Vee = -5.2V 


RECOVERY TIME 
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10 us 


100 ns 


10 ns 


Figure 2 shows typical curves for pulse width versus 
Cext and Rey¢ (total resistance includes Rj yt). Any low 
leakage capacitor can be used and Rey + can vary from 
0 to 16 k-ohms. 


. TRIGGERING — The Epgg and Eng inputs control the 


trigger input. The MC10198 can be programmed to 
trigger on the positive edge, negative edge, or both. 
Also, the trigger input can be totally disabled. The 
truth table is shown on the first page of the data sheet. 

The device is totally retriggerable. However, as duty 
cycle approaches 100%, pulse width jitter can occur 
due to the recovery time of the circuit. Recovery time 
is basically dependent on capacitance Cey¢. Figure 3 
shows typical recovery time versus capacitance at I7 
= 5mA. 


FIGURE 2 — TIMING PULSE WIDTH versus Cext and Rext 
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1 uF 


1000 pF 
CExt - TIMING CAPACITANCE 


FIGURE 3 — RECOVERY TIME versus Cey¢ @ IT 
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10 pF 100 pF 





1000 pF 
Cex, - TIMING CAPACITANCE 
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3. HI-SPEED INPUT — This input is used for stretching — _ FIGURE 5 — PULSE WIDTH versus ly @ Cext = 13 pF 
very narrow pulses with minimum delay between the 
output pulse and the trigger pulse. The trigger ngee: 
should be disabled when using the high-speed input. 
The MC10198 triggers on the rising edge, using this 
input, and input pulse width should narrow, typically 
less than 10 nanoseconds. 


mali SFE RAEN 
lS 
COINS TT 


ECPM SET 


USAGE RULES: 


1. Capacitor lead lengths should be kept very short to 
minimize ringing due to fast recovery rise times. 

2. The E inputs should not be tied to ground to establish 
a high logic level. A resistor divider or diode can be 
used to establish a —0.7 to —0.9 voltage level. 

3. For optimum temperature stability; 0.5 mA is the best 
timing current ly. The device is designed to have a 
constant voltage at the EXTERNAL PULSE WIDTH 
CONTROL over temperature at this current value. 


PULSE WIDTH (ns) 








4. Pulse Width modulation can be attained with the °%"'™ roti atumaniuicde *? mn 
EXTERNAL PULSE WIDTH CONTROL. The timing cur- 
rent can be altered to vary the pulse width. Two (b) A control voltage can also be used to vary the 
schemes are: pulse width using an additional resistor (Figure 
(a) The internal resistor is not used. A dependent 6). The current (ly + Ic) is set by the voltage 
current source is used to set the timing current drop across Rint + Re xt. The control current IC 
as shown in Figure 4. A graph of pulse width modifies ly and alters the pulse width. Current 
versus timing current (CeE,, = 13 pF) is shown Ic should never force It to zero. R¢ typically 
in Figure 5. 1 kQ. 
FIGURE 4 — . FIGURE 6 — | 


A Control 
Voltage 


MC10198 
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MC10198 


5. The MC10198 can be made non-retriggerable. The Q 
output is fed back to disable the trigger input during 
the triggered state (Logic Diagram). Figure 7 shows 
a positive triggered configuration; a similar configu- 
ration can be made for negative triggering. 


FIGURE 7 — 












External Pulse 
Width Control! 


ENeg 


Trigger 
Input 


Hi-Speed 
Input 


3-153 





(A) (MOTOROLA 


DUAL 3-INPUT 3-OUTPUT 
“OR” GATE 


DUAL 3-INPUT 3-OUTPUT 
“OR” GATE 


The MC10210 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “OR” -ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10210 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 160 mW typ/pkg (No Loads) 
tod = 1.5 ns typ (All Output Loaded) 
tr, te = 1.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


Vcc1 = Pin 1, 15 
Vcc2 = Pin 16 
VEE = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gate is tested in the same manner. 







TEST VOLTAGE VALUES 
(Volts) 
































@ Test 
-30°C 
















Characteristic 


Power Supply Drain Current Y ote | 


le 
Input Current - 6, 
6, 

O 


Pi MC10210 Test Limits 

in 

Under 
Symbol 


Test 


*Individually test each input using the pin connections shown. 





on 
[°>) 
sw 










1,15,16 
1,15,16 
1,15,16 


Logic "1" VOH 


VOHA 


Output Voltage 







Vdc 





Logic ‘’0” 
Output Voltage 











or 


Logic ‘’1 
Threshold Voltage 












Logic “0” 


Threshold Voltage -1.595 







<<< 
a2aqg 
aae 
op ob ape 


Switching Times 
(50-ohm load) 


Propagation Delay 





-3.2V 


E |- 00 0 00 +}00 © CO /;0 © 0 












Rise Time 
(20 to 80%) 











Fall Time 
(20 to 80%) 


or 
PWN ABWOND FPAWWNND -ufeuslounfoonll 
~ 






PA OM AWH PARWWNHYNY 








(A) MOTOROLA 


DUAL 3-INPUT 3-OUTPUT 


“NOR” GATE 


The MC10211 is designed to drive up to six transmission lines. 
simultaneously. The multiple outputs of this device also allow the 
wire “‘OR"-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10211 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 160 mW typ/pkg (No Loads) 
tod = 1.51ns typ (Ail Output Loaded) 
tr, t¢ = 1.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


Vcec1 = Pin 1, 16 
Vcc2 = Pin 16 
Vee = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 





TEST VOLTAGE VALUES 
(Volts) 













are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are @ Test 
shown for only one gate. The other gate is tested in the same manner. Temperature ViLA max | VEE . 
| -0°c [~-080 | -1800 | -1205 | -1500 | 52 | 


#85°C [ -0.700 | -1.825 -1.035 


















MC10211 Test Limits 
(Vcc) 


Gnd 






Characteristic 


Pin 
Under 
{| Symbol Test 
Power Supply Drain Current 
Input Current 5,6,7 
Logic “1” VOH 
Output Voltage 
VOHA 












1,15,16 













Logic ‘’0” 
Output Voltage 












Logic ‘'1"’ 
Threshold Voltage 
















Logic ‘’0"’ VOLA 5 
Threshold Voltage 6 
7 






Switching Times 
(50-ohm load) 


Propagation Delay 





-3.2V ee Vv 








Pulse Out 








Rise Time 
(20 to 80%) 











Fall Time 


(20 to 80%) 






Pulse in 
5 


PWN BWN HPRWWNHND 
PWN PWN HPPWWNN 





*tndividually test each input using the pin connections shown. 





(MA) MOTOROLA 


HIGH SPEED DUAL 3-INPUT 
3-OUTPUT OR/NOR GATE 


HIGH SPEED DUAL 3-INPUT 
3-OUTPUT OR/NOR GATE 


The MC10212 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire ‘‘OR’-ing of several levels of gating for minimization of gate 
and package count. 

The ability to contro! three parallel lines with minimum prop- 
agation delay from a single point makes the MC10212 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 160 mW typ/pkg (No Load) 
tod = 1.5 ns typ (All Outputs Loaded) 
tr, tf = 1.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


~Vec1=Pins 1, 15 
Vcc2=Pin 16 
VeE=Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 

cation shown in the test table, after thermal equilibrium has been established. 

The circuit is in a test socket or mounted on a printed circuit board and 

transverse air flow greater than 500 linear fpm is maintained. Outputs are 

terminated through a 50-ohm resistor to —2.0 volts. Test procedures are 

shown for only one gate. The other gate is tested in the same manner. 
Characteristic 


. MC10212 Test Limits 
Pin 
Under 
Symbol! Test 
Power Supply Drain Current Eo liees 
Input Current 5,6,7 
Logic ‘''1" VOH 
Output Voltage 






TEST VOLTAGE VALUES 
(Volts) 



























@ Test 
-s0°c [0890 | -1.890 | -1205 | -1500 | 52 








+85°C 


















rane eS 
re ee eae) 







1,15,16 
1,15,16 
1,15,16 
















Logic ‘‘0"’ 
Output Voltage 




















Logic "1" VOHA Vdc 
Threshold Voltage Vde 
Vdc 

Logic ‘‘0"' VOLA Vde 
Threshold Voltage Vdc 


Switching Times 
(50-ohm load} 


Propagation Delay 











Rise Time 
(20 to 80%) 








ns 





Fall Time 
(20 to 80%) 






———: 
Q 
is) 


*tndividually test each input using the pin connections shown. 


HPWH AWN BAWWNND 
PWN BWM FRWWNND 








(AA) /MOTOROLA 


HIGH SPEED TRIPLE 
LINE RECEIVER 


The MC10216 is a high speed triple differential amplifier de- 
signed for use in sensing differential signals over long lines. The 
base bias supply (Vgp) is made available at pin 11 to make the 
device useful as a Schmitt trigger, or in other applications where 
a stable reference voltage is necessary. 

Active current sources provide the MC10216 with excellent com- 
mon mode noise rejection. If any amplifier in a package is not 
used, one input of that amplifier must be connected to Vpp (pin 
11) to prevent upsetting the current source bias network. 

Complementary outputs are provided to allow driving twisted 
pair lines, to enable cascading of several amplifiers in a chain, or 
simply to provide complement outputs of the input logic function. 


Pp = = 100 mW typ/pkg (No Load) 
tod = 1.8 ns typ (Single ended) 

; = 1.5 ns typ (Differential) 
tr, tf = 1.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


11 
VBB 


Veci = Pin 1 
Vcc2 = Pin 16 
Veg = Pin 8 


*VBp to be used. to supply bias to the MC10216 only and bypassed (when used) with 
0.01 uF to 0.1 uF capacitor. 


When the input pin with bubble goes positive, it’s respective output pin with bubble 
goes positive. 
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MC10216° 


HIGH SPEED TRIPLE 
LINE RECEIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-35. 





LOL-€ 





Low Output Voltage 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 


are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are TES? VOLTAGE VALUES 
shown for only one gate. The other gates are tested in the same manner. cia 
@ Test 
Temperature| Viti max ViL min VIHA min | VILA max VEE 
-30°C} -0.890 - 1.890 - 1.205 From | -5.2 | 









+25°c | -0.810 ~ 1.850 ~1.105 Pin 





p; MC10216 Test Limits 
in 
Under 


+85°C 


Characteristic 


ee Test 


Power Supply Drain Current 


es 
High Output Voltage 


1.0 


ae 


= a 
ae Fe ce 


~~ 
oC 


= 

= 

oO 
== 
oo 


-1.060 {| -0.890 ; -0.960 -0.810 | -0.890 | -0.700- 
-1.060 | -0.890 | -0.960 ~0.810 | -0.890 | -0.700 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
- 1.080 -0.980 -0.910 Vdc 
~ 1.080 -0.980 -0.910 Vde 





High Threshold Voltage VOHA 
Low Threshold Voltage VOLA 


Reference Voltage BB 


Switching Times 
(50-ohm Load) 


Propagation Delay 


- 1.655 - 1.630 - 1.595 Vdc 
- 1.655 - 1.630 - 1.595 Vde 


- 1.280 -1.295 | -1.150 | Vde 


< oy 
w 
Oo 





(Vcc) 
Gnd 


1,16 


aerate] 6 


510.13 8,4 
5,10,13 | 89 





Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 





| 


*Delay is 1.5 ns when inputs are driven differentially 
Delay is 1.8 ns when inputs are driven single ended 


nN 
fo) 





SLZOLDIN 


(MA) MOTOROLA 


HIGH SPEED DUAL TYPE D 
MASTER-SLAVE FLIP-FLOP 


HIGH SPEED DUAL TYPE D 


The MC10231 is a dual master-slave type D flip-flop. Asynchro- MASTER-SLAVE FLIP-FLOP 


nous Set (S) and Reset (R) override Clock (Cc) and Clock Enable 
(Ce) inputs. Each flip-flop may be clocked separately by holding 
the common clock in the low state and using the enable inputs 
for the clocking function. If the common clock is to be used to 
clock the flip-flop, the Clock Enable inputs must be in the low 
state. In this case, the enable inputs perform the function of con- 
trolling the common clock. 

The output states of the flip-flop change on the positive tran- 
sition of the clock. A change in the information present at the data 
(D) input will not affect the output information at any other time 
due to master-slave construction. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pp = 270 mW typ/pkg (No Load) 


tod 2 ns typ 
tTog = 225 MHz typ 
2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Pin assignment is for Dual-in-line Package. 


¢ = Don’t Care 
For PLCC pin assignment, see tables on page 1-35. 


C=Ce+ Cec. 
A clock H is a clock transition 
from a low to a high state. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table after the thermal equilibrium has been es- 
tablished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 






TEST VOLTAGE VALUES 
(Volts) 


























: : et : @ Test 
shown for only one input, or for one set of input conditions. Other inputs Temperature 
tested in the same manner. -aoec [-0a90 | -1.890 [-1.208 | -1.800 [52 
+e5ec [| -0700 [| -1025 | -1.035 

















MC10231__ Test Limits VOLTAGE APPLIED TO PINS LISTED BELOW: 


Under [_-30¢ | —+vs°c~S—=«d'=Ci‘ mC 
[Power Supply Drain Current | le | 8 | Ps2 [| 65 | - | 72 | mAac | aa eet 
650 410 


| Min | Max | Min 
Input Current linH 4 wAdc 
5 650 410 
6 350 220 
7 350 220 
460 90 


Input Leakage Current link 4,5,* 0.5 uAdc 
6,7,9* 0.5 pwAdc 

Logic ‘'1' 2 - 1.060 |-0.890; -0.960 -0.810 | -0.890 ; -0.700 Vdc 
Output Voitage 2t - 1.060 |-0.890; -0.960 -0.810 | -0.890 | -0.700 Vde 


(Vcc) 









VEE 


Gnd 
ee 


1,16 
1,16 
1, 16 
1, 16 
1, 16 
1, 16 
1,16 
1, 16 
1, 16 
1, 16 


Characteristic 














410 
220 






00 00 










220 
290 


leoltee] 


oo 












Logic 0" VOL 3 - 1.890 {- 1.675; -1.850 -1.650 | - 1.825 Vde 
Output Voltage 3t - 1.890 |- 1.675; -1.850 - 1.650 | -1.825 Vde 
Logic 1" VOHA 2 - 1.080 _ : 
Threshold Voltage 2t - 1.080 = 
3t 


0 © 


















Logic ‘‘0” 
Threshold Voitage 


-0.910 Vdc 
-0.910 Vde 
Vdc 
Vde 


ot 


co CO 



















Switching Times 
Ciock input 
Propagation Delay 





















Rise Time (20 to 80%) 


Fall Time (20 to 80%) 


Set Input 
Propagation Delay 










Reset Input 
Propagation Delay 








Hold Time 
Toggle Frequency (Max) 


* individually test each input; apply VIL min to pin under test. 






VIH max 


TOQutput level to be measured after a clock pulse has been applied to the CE input (pin 6) | | , 
IL min 
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Logic Integrated Circuits Division 





MECL Ill 


Selector cui oats Sets 


4-1 


MECL Ill 
INTEGRATED CIRCUITS 


MC1600 Series 
(—30 to +85°C) 


Function Selection — (—30 to +85°C) 








Gates Multivibrator 
Dual 4-Input OR/NOR MC1660 Voltage-Controlled . _ MC1658 620, 648 x 
Quad 2-Input NOR MC1662 751B, 775 
Triple 2-Input Exclusive OR MC1672 Oscillator | | 
Flip-Flops Emitter Coupled mcie48 | 632, 646 
Master-Slave Type D Mc1670 | | 751,775 
UHF Prescaler Type D MC1690(1) 620 Comparator ae 
(1) Obsolete use MC12090 Dual A/D MC1650/ 620 
MC1651 . 


Receiver 


Quad-Line MC1692 620 
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(AA) MOTOROLA MC1648 


VOLTAGE-CONTROLLED 
VOLTAGE-CONTROLLED OSCILLATOR OSCILLATOR 


The MC1648 requires an external parallel tank circuit consisting 
of the inductor (L) and capacitor (C). FOR MAXIMUM PERFOR- 
MANCE Q, 2 100 AT FREQUENCY OF OPERATION. 

A varactor diode may be incorporated into the tank circuit to 
provide a voltage variable input for the oscillator (VCO). The 
MC1648 was designed for use in the Motorola Phase-Locked Loop L SUFFIX 
shown in Figure 9. This device may also be used in many other CERAMIC PACKAGE 
applications requiring a fixed or variable frequency clock source CASE 632 
of high spectral purity. (See Figure 2.) 

The MC1648 may be operated from a +5.0 Vdc supply or a 
~ 5.2 Vde supply, depending upon system requirements. 


Supply Voltage | Gnd Pins Supply Pins 
P SUFFIX 
+5.0 Vde a 2 eee eee eee PLASTIC PACKAGE 
-5.2 Vde ee ee ee 2 eee CASE 646 


MC1648 PIN CONVERSION DATA 
NON-STANDARD 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 


*Note — All unused pins are not connected. 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 775 


LOGIC DIAGRAM 


Bias Point 10 
Tank 12 


- 
| 
| 
i 
U 
! 
! 
wu 


AGC 


Input Capacitance = 6.0 pF typ 

Maximum Series Resistance for L (External 
Inductance) = 50 2 typ 

Power Dissipation = 150 mW typ/pkg (+5.0 Vdc 
Supply) 

Maximum Output Frequency = 225 MHz typ 


Vec1 = Pin 1 
Vcc2 = Pin 14 
VEE = Pin7 
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MC1648 


FIGURE 1 — CIRCUIT SCHEMATIC 


Vcc2 Vcc1 
14 : 1 





VEE1 _— Bias Pt. Tank VeE2 AGC 


10 1 


TEST VOLTAGE/CURRENT VALUES 


@ Test (Volts) 
Temperature 


— 30°C 
+ 25°C 
+ 85°C 





Note: SOIC “‘D” Package guaranteed —30° to +70°C only 


ELECTRICAL CHARACTERISTICS 
Supply Voltage = +5.0 Volts 


Characteristic 


Power Supply Drain Current Inputs and outputs open. 
Logic ‘1’ Output Voltage ViLmin to Pin 12, lL @ Pin 3. 
Logic ‘0’ Output Voltage ViHmax to Pin 12, lL @ Pin 3. 





*This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point. 
**Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature. 


MC1648 


FIGURE 2 — SPECTRAL PURITY OF SIGNAL OUTPUT FOR 200 MHz TESTING 


L: Micro Metal torroid #T20-22, 8 turns L = 40 nH 
#30 Enameled Copper wire. C = 10 pF 


C = 3.0-35 pF +5.0 Vde 







pot te tt 
Se 





B.W. = 10 kHz 
Center Frequency = 100 MHz 
Scan Width = 50 kHz/div 


rti 2 . bs oe ets 
ve Ucar orale Tana *The 1200 ohm resistor and the scope termination imped- 


ance constitute a 25:1 attenuator probe. Coax shall be CT- 
070-50 or equivalent. 







TEST VOLTAGE/CURRENT VALUES 
(Votts) -——nite 
| Viimax | Viemin | Vee 


@ Test 
Temperature 








— 30°C 
+ 25°C 
+85°C 





Note: SOIC “D” Package guaranteed — 30° to + 70°C only 


ELECTRICAL CHARACTERISTICS 
Supply Voltage = —5.2 Volts 


| +85C 
Characteristic 


Power Supply Drain Current ce i ee Inputs and outputs open. 
Logic “1 Output Voltage eee Vdc | ViLmin to Pin 12, iL @ Pin 3. 
Logic “0” Output Voltage = fsS [1576 Va [Viumax Bn 12. @ Fins 


Bias Voltage 





*This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point. 
**Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature. 
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MC1648 
FIGURE 3 — TEST CIRCUIT AND WAVEFORMS 





*Use high impedance probe (>1.0 Megohm must be 
used). 

**The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 

***Bypass only that supply opposite ground. 


PRF = 1.0 MHz 
Duty Cycle (Vdc) — " 


OPERATING CHARACTERISTICS 


Figure 1 illustrates the circuit schematic for the 
MC1648. The oscillator incorporates positive feedback by 
coupling the base of transistor Q6 to the collector of Q7. 
An automatic gain control (AGC) is incorporated to limit 
the current through the emitter-coupled pair of transis- 
tors (Q7 and Q6) and allow optimum frequency response 
of the oscillator. 

In order to maintain the high Q of the oscillator, and 
provide high spectral purity at the output, transistor 04 
is used to translate the oscillator signal to the output 
differential pair Q2 and Q3. Q2 and Q3, in conjunction 
with output transistor 01, provides a highly buffered out- 
put which produces a square wave. Transistors Q9 and 
Q11 provide the bias drive for the oscillator and output 
buffer. Figure 2 indicates the high spectral purity of the 
oscillator output (pin 3). 

When operating the oscillator in the voltage controlled 
mode (Figure 4), it should be noted that the cathode of 
the varactor diode (D) should be biased at least “2” Vege 
above Veg (~1.4 V for positive supply operation). 

When the MC1648 is used with a constant dc voltage 


FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE 
CONTROLLED MODE 





to the varactor diode, the output frequency will vary 
slightly because of internal noise. This variation is plotted 
versus operating frequency in Figure 5. 


FIGURE 5 — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM 


_ 
f] 
Oo 










10 COC ire 


100 


Af, FREQUENCY DEVIATION, RMS (Hz) 
= 


f, OPERATING FREQUENCY (MHz) 


20 kHz above MC1648 Frequency 



















MC1648 
Under Test 








Attenuator 
MC1648 
Frequency (f) 


Frequency Deviation = 


Oscillator Tank Components 
(Circuit of Figure 4) 


MV2115 
MV2116 





Product 
Detector 


MV2106 


Signal Generator 
HP 608 
or Equiv. 






















B.W. = 1.0 kHz 
Frequency Voltmeter 
Meter RMS 
HP5210A HP3400A or Equiv. 


or Equiv. 


(HP5210A output voltage) (Full Scale Frequency) 


1.0 Volt 


NOTE: Any frequency deviation caused by the signal generator and MC1648 power 
supply should be determined and minimized prior to testing. 
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MC1648 


TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE 
USING EXTERNAL VARACTOR DIODE AND COIL. Ta = 25°C 


FIGURE 6 


L: Micro Metal Toroidal Core #1T44-10, 
4 turns of No. 22 copper wire. 
Vin 


L = 0.13 pH 





fout, OUTPUT FREQUENCY (MHz) 


mvi1401_ 12 


Vec1 = Vcc2 = +5.0 aa 0.1 uF 
= VeE1 = VEE2 = Gnd 


5.0 uF 





*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. : 
















L: Micro Metal Toroidal Core #T44-10, 
20 turns of No. 22 copper wire. 
Vin Q, = 100 

C = 500 pF 












fout, OUTPUT FREQUENCY (MHZ) 








5.0 uF Vec1 = Vcc2 = +5.0 Vde 


= 0.1 uF 
1 VEE1 = VEE2 = Gnd a 
*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 






L: Micro Metal Toroidal Core #T30-12, 
6 turns of No. 22 copper wire. 


Vec1 = Vcc2 = +5.0 Vdc 


10 





Qy > 100 5O 


fout: OUTPUT FREQUENCY (MHz) 


L = 0.065 pH 


0.1 uF 
au uM 


*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 


Vin, INPUT VOLTAGE (VOLTS) shall be CT-070-50 or equivalent. 





MC1648_ 


Typical transfer characteristics for the oscillator in the 
voltage controlled mode are shown in Figures 6, 7, and 
8. Figures 6 and 8 show transfer characteristics employ- 
ing only the capacitance of the varactor diode (plus the 
input capacitance of the oscillator, 6.0 pF typical). Figure 
7 illustrates the oscillator operating in a voltage con- 
trolled mode with the output frequency range limited. 
This is achieved by adding a capacitor in parallel with the 
tank circuit as shown. The 1.0 kQ. resistor in Figures 6 
and 7 is used to protect the varactor diode during testing. 
It is not necessary as long as the dc input voltage does 
not cause the diode to become forward biased. The 
larger-valued resistor (51 kQ) in Figure 8 is required to 
provide isolation for the high-impedance junctions of the 
two varactor diodes. 

The tuning range of the oscillator in the voltage con- 
_ trolled mode may be calculated as: 


_fmax _ VCpimax) + Cs 
fmin VCp(min) + Cs 


1 
where fmin = da WUGhimaxl a Cel T(Cpimax) + Ce) 


Cs = shunt capacitance (input plus external 
capacitance). 
Cp = varactor capacitance as a function of bias 


voltage. 


Good RF and low-frequency bypassing is necessary on 
the power supply pins. (See Figure 2.) 


Capacitors (C1 and C2 of Figure 4) should be used to 
bypass the AGC point and the VCO input (varactor diode), 
guaranteeing only dc levels at these points. 

‘For output frequency operation between 1.0 MHz and 
50 MHz a 0.1 uF capacitor is sufficient for C1 and C2. At 
higher frequencies, smaller values of capacitance should 
be used; at lower frequencies, larger values of capaci- 
tance. At high frequencies the value of bypass capacitors 
depends directly upon the physical layout of the system. 
All bypassing should be as close to the package pins as 
possible to minimize unwanted lead inductance. 

The peak-to-peak swing of the tank circuit is set inter- 


- nally by the AGC circuitry. Since voltage swing of the 


tank circuit provides the drive for the output buffer, the 
AGC potential directly affects the output waveform. If it 
is desired to have a sine wave at the output of the 
MC1648, a series resistor is tied from the AGC point to 
the most negative power potential (ground if +5.0 volt 
supply is used, —5.2 volts if a negative supply is used) 
as shown in Figure 10. 

At frequencies above 100 MHz typ, it may be desirable 
to increase the tank circuit peak-to-peak voltage in order 
to shape the signal at the output of the MC1648. This is 
accomplished by tying a series resistor (1.0 kQ minimum) 
from the AGC to the most positive power potential (+5.0 
volts if a + 5.0 volt supply is used, ground if a — 5.2 volt 
supply is used). Figure 11 illustrates this principle. 


APPLICATIONS INFORMATION 


The phase locked loop shown in Figure 9 illustrates the 
use of the MC1648 as a voltage controlled oscillator. The 
figure illustrates a frequency synthesizer useful in tuners 
for FM broadcast, general aviation, maritime and land- 
mobile communications, amateur and CB receivers. The 
system operates from a single +5.0 Vdc supply, and 
requires no internal translations, since all components 
are compatible. 

Frequency generation of this type offers the advan- 
tages of single crystal operation, simple channel selec- 
tion, and elimination of special circuitry to prevent har- 
monic lockup. Additional features include dc digital 
switching (preferable over RF switching with a multiple 
crystal system), and a broad range of tuning (up to 150 
MHz, the range being set by the varactor diode). 


The output frequency of the synthesizer loop is deter- 
mined by the reference frequency and the number pro- 
grammed at the programmable counter; foyt = Nfreg- 
The channel spacing is equal to frequency (fref). 

For additional information on applications and designs 
for phase locked-loops and digital frequency synthesiz- 
ers, see Motorola Brochure BR504/D, Electronic Tuning 
Address Systems, (ETAS). 

Figure 10 shows the MC1648 in the variable frequency 
mode operating from a + 5.0 Vdc supply. To obtain a sine 
wave at the output, a resistor is added from the AGC 
circuit (pin 5) to Veg. 

Figure 11 shows the MC1648 in the variable frequency 
mode operating from a +5.0 Vdc supply. To extend the 
useful range of the device (maintain a square wave output 


MC1648 


FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION 


Phase 
Detector 
MC4044 


Counter Control 
Logic 


Low Pass 
Filter 


Voltage 
Controlled 
Oscillator 

MC1648 


Modulus Enable Line 


MC12012 
+P, +(P + 1) 


MC12014 


+N 
Programmable 


Counter 
MC4016 





above 175 MHz), a resistor is added to the AGC circuit at 
pin 5 (1.0 k-ohm minimum). 

Figure 12 shows the MC1648 operating from +5.0 Vdc 
and + 9.0 Vdc power supplies. This permits a higher volt- 
age swing and higher output power than is possible from 
the MECL output (pin 3). Plots of output power versus 


FIGURE 10 — METHOD OF OBTAINING A 
SINE-WAVE OUTPUT 


+5.0 Vdc 





Zero Detect Line 


a 


Counter Reset Line 


+A 
Programmable 
Counter 
MC4016 


N=NpeP+A 


total collector load resistance at pin 1 are given in Figures 
13 and 14 for 100 MHz and 10 MHz operation. The total 
collector load includes R in parallel with Rp of L1 and C1 
at resonance. The optimum value for R at 100 MHz is 
approximately 850 ohms. 


FIGURE 11 — METHOD OF EXTENDING THE USEFUL RANGE 
OF THE MC1648 (SQUARE WAVE OUTPUT) 


+5.0 Vde 


© Output 


1.0 k min 








POWER OUTPUT (mW RMS) 


FIGURE 12 —- CIRCUIT USED FOR COLLECTOR OUTPUT OPERATION 





*Q, = 100 


- FIGURE 13 — POWER OUTPUT versus COLLECTOR LOAD 


See test circuit, Figure 12, f = 100 MHz 
C3 = 3.0-35 pF 
Collector Tank 
L1 = 0.22 pH C1 = 1.0-7.0 pF 
R = 50 2-10 kO 
Rp of L1 and C1 = 11 kf @ 100 MHz Resonance 
' Oscillator Tank - 
L2 = 4turns #20 AWG 3/16” ID - 
C2 = 1.0-7.0 pF 


TTT TT 


> 
o 


ae ee || 
PLAIN TVET LTT 


on 
o 


CAT ETE ENT 
LTDA ETI | LN, 
SLE | EAE | PU 


= 
oO 


10,000 


TOTAL COLLECTOR LOAD (OHMS) 





7) 
= 
ce 
= 
£ 
od 
—_ 
= 
— 
oO 

ca 
= 

oO 
a. 


= 
i 
| TNH 
a 
z= 


Output 


+9.0V 


0.01 uF 


+5.0 V 


FIGURE 14 —- POWER OUTPUT versus COLLECTOR LOAD 
See test circuit, Figure 12, f = 10. ‘Miz 
C3 = 470 pF 
Collector Tank 

L1 = 2.7 nH C1 = 24-200 pF 

R = 50 0-10 kN 

Rp of L1 and C1 = 6.8 kQ @ 10 MHz Resonance 
Oscillator Tank: 

L2 = 2.7 pH 

C2 = 16-150 pF 


PLE ELAN ETT 
LE EEA NV LT 
A NI 
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PLEA TTI | TN 
a a 
SLUT ELEN 1 LUTE 
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—_ 
NO 
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TOTAL COLLECTOR LOAD (OHMS) 


(AA) MOTOROLA 


DUAL A/D CONVERTER 


The MC1650 and the MC1651 are very high speed comparators 
utilizing differential amplifier inputs to sense analog signals above 
or below a reference level. An output latch provides a unique 
sample-hold feature. The MC1650 provides high impedance Dar- 
lington inputs, while the MC1651 is a lower impedance option, 
with higher input slew rate and higher speed capability. 

The clock inputs (Cg and Cp) operate from MECL Ill or MECL 


10,000 digital levels. When Cg is at a logic high level, QO will be 
at a logic high level provided that Vi > V2 (V1 is more positive 
than V2). Q0 is the logic complement of QO. When the clock input 
goes to a low logic level, the outputs are latched in their present 
state. 

Assessment of the performance differences between the 
MC1650 and the MC1651 may be based upon the relative behav- 
iors shown in Figures 4 and 7. 


LOGIC DIAGRAM 


Via® > — 200 
V2a 5 


C34 3 Q0 
Vib 12 
Vop 11 > 14Q1 
Ch 13 15 Q1 
Vcc = +5.0 V = Pin 7, 10 


VeE = —5.2V = Pin8 
Gnd = Pin 1, 16 


Pp = 330 mW typ/pkg (No Load) 
tod = 3.5 ns typ (MC1650) 
= 3.0 ns typ (MC1651) 
Input Slew Rate = 350 V/us (MC1650) 
= 500 V/us (MC1651) 
Differential Input Voltage: 5.0 V (—30°C to +85°C) 
Common Mode Range: 
~3.0 Vto +2.5 V (—30°C to +85°C) (MC1651) 
—2.5 Vto +3.0 V (—30°C to + 85°C) (MC1650) 
e@ Resolution: < 20 mV (—30°C to +85°C) 
e@ Drives 50 2 lines 


Number at end of terminal denotes pin number for L package (Case 620). 
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DUAL A/D 
CONVERTER 


16 , L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


TRUTH TABLE 





é@ = Don't Care 


PIN ASSIGNMENT 





ol-v 





TEST VOLTAGE VALUES 
















@ Test (Volts) 
Temperature | Vitimax Viumin [VinAmin iLAmax 6 | Vcc* 


Natal 


ELECTRICAL CHARACTERISTICS 


Power Supply Drain Current 
Positive 
Negative 





| =30% | + 25°C 


ett [| | i 
isicic 

7.0 
ee elle 


Pisiciz 
a eee! 
TTT 


” el 








+85°C — TEST VOLTAGE APPLIED TO PINS LISTED BELOW 


| Min | [Vitmin | Viwamin | Vitamax| Vat | Vaz | Vas | Vas | Vas| Vas] Gnd | 
= 


| Max | 
= Ps fel = [= fel=|=[=[=|=fans 
Aah m Shen aio 
| 





















Input Current 
MC1650 
MC1651 


Input Leakage Current 
MC1650 
MC1651 


Clock [Clock Input Current Current 








| wAde | 4 | 1, | 1,5,11,16 | 11,16 


~1.575| Vde ; 
1,16 
1,16 


[At Temperatures | Vas_| Vas_| Vas _| Vas | 
© [Dowereso | san [ 20a | 38] aa 
[_wciess__| +28 | +200 | -30 | -298 


Logic ‘1’ Output Voltage 1,5,11,16 
1,6,12,16 
1,16 
1,16 
1,5,11,16 
1,6,12,16 
1,16 
1,16 


1,5,11,16 
1,6,12,16 
1,16 
1,16 
1,5,11,16 
1,6,12,16 


Logic ‘’0”’ Output Voltage 





Logic “1” Threshold 
Voltage? 


Logic “0” Threshold 
Voltage2 » 








NOTES: 1. All data is for 1/2 MC1650 or MC1651, except data marked 3. Maximum Power Supply Voltages (beyond which device 
(*) which refers to the entire package. life may be impaired): 
2. These tests done in order indicated. See Figure 5. lVeel + [Vcc] = 12 Vde 










LSSLOIN/OSSLOW 


MC1650/MC1651 


CIRCUIT SCHEMATIC 
1/2 of Device Shown 


(Both Devices) 
MC1650 Inputs 
—- A Vcc Gnd Gnd 
7,10 1 16 


-B 
Av 
* a 
o “Th 
oe 






















a a 220 
x a 
7 a. a 
- — 
-E ae ee 
| ica Ta ae 
MC1651 Inputs _ ek 
aaa Bab: 
Z D- extend 
Vi6 E- 
V2 8 ) 8 Ver 
-D 4 
_E Clock 
SWITCHING TEST VOLTAGE VALUES 
@ Test (Volts) 
Temperature 












Conditions 
(See Figures 1-3) 


: | =3ec | tase | tase 
| enune | smt| n [| | [ 


Switching Times 
Propagation Delay 
(50% to 50%) V-Input 5.7 









VpR1 to V2, Vx to Clock, P1 to V1, or, 
Vp2 to V2, Vx to Clock, P2 to Vj, or, 
VR3 to V2, Vx to Clock, P3 to V4. 


Vp to V2, Py to Vz and Pq to Clock, 
or, VR1 to V7, Py to V2 and Pg to Clock. 













se ME Kl Ud el ld 


| teotup | — | — | 26 | — | — | — | 
Clock Aperture? | ta | — | — | 15 | 
Rise Time (10% to 90%) | t+ | 1.0 | 35 | 1.0 | 
Fall Time (10% tog90%) | t- | 1.0 | 30 | 10 | 


NOTES: 1. Maximum Power Supply Voltages (beyond which device life 
may be impaired: 
Vecl + eel = 12 Vde. 
2. Unused clock inputs may be tied to ground. 
3. See Figure 3. 


4, All Temperatures 





3 
Clock Enable Vp to V2, P71 to V1, Pq to Clock 






| 35 | 10 | 38 | ns | | 
VR to V2, Vx to Clock, P; to V1. 
COREE Sars enehabiesasioc 





MC1650 
MC1651 
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MC1650/MC1651 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT @ 25°C 


Vout to 


Channel B._ 
O 








Vri- VR2-VR3 


P1 
P2 
p3 | 


Vx o————_-o 


P40-————_O 


VeE= 
-3.2 Vdc 


Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
50 ohm termination to ground located in each scope channel input. 
All input and output cables to the scope are equal lengths of 50 ohm coaxial! cable. 





FIGURE 2 — SWITCHING AND PROPAGATION WAVEFORMS @ 25°C 


The pulse levels shown are used to check ac parameters 
over the full common-mode range. 


V — INPUT TO OUTPUT ; 4 ’ CLOCK TO OUTPUT 
VIH | Vin + 2.1V 
VR VR + 2.0V 
VIL Vit + 1.9V 


+1.11V 





+>, 4 . ~+0.31V 
Test pulses: ty, t_ = 1.5 + 0.2 ns (10% to 90%) : 


f = 5.0 MHz 
~ 50% Duty Cycle 





P4:t4,t- = 1.5 + 0.2 ns. 


TEST PULSE LEVELS 
eo ee 
[—fncreé0] wis | moreso | mcves1 | mcies0| mores 
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MC1650/MC1651 


FIGURE 3 — CLOCK ENABLE AND APERTURE TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Vin to Channel A 





50 ohm termination to ground located in each scope channel input. 
All input and output cables to the scope are equal lengths of 50 ohm coaxial cable. 





ANALOG SIGNAL POSITIVE AND NEGATIVE SLEW CASE 








Vin Negative -— — = VR + 100 mV = +2.1V 
VR = 2.0V 
Vin Positive ———_“ |“ --—--------- VR — 100 mV = +1.9V 


Clock Enable 
Time ViIH = +1.11V 
50% 


c 


Vi = +0.31V 


Q Positive lv “0” 


Q Negative mane, ieteeene “ages 


Clock enable time = minimum time between analog and clock signal such that output switches, and tpq 
(analog to Q) is not degraded by more than 200 ps. 


Clock aperture time = time difference between clock enable time and time that output does not switch and 
V is less than 150 mV. 


Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
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PROPAGATION DELAY INCREASE (ns) 


PROPAGATION DELAY INCREASE (ns) 


MC1650/MC1651 


FIGURE 4 — PROPAGATION DELAY (tpq) versus 
INPUT PULSE AMPLITUDE AND CONSTANT OVERDRIVE 


TEST CIRCUIT 





Vref = Gnd T 


POSITIVE PULSE DIAGRAM NEGATIVE PULSE DIAGRAM 
Positive 
Overdrive 


Negative 
Vref a Vas Vin ae ie 
Vin —— — 
tee | 


Input Switching time is constant 
at 1.5 ns (10% to 90%). 


PROPAGATION DELAY versus PULSE AMPLITUDE 


al ae 0 0 Pe am 10 I 
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PROPAGATION DELAY versus OVERDRIVE 
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PEM TT fy tod is ey a i 
a \At MC 1650 E to 50% on the output. eee 
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a SN 
fea Mec INUIT ea sate lc | ioe terete oY coat: 
COs TT 
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MC1650/MC1651 


FIGURE 5 — LOGIC THRESHOLD TESTS (WAVEFORM SEQUENCE DIAGRAM) 


a 






| ! 
“0” 
| | 
mit 
Q | | | 
| | 
“Q" | | 
| | | | 
| | | 
; | | | | 
Sequential ess 2 3 4 


Test Number 
(See Test Table) 


FIGURE 6 — TRANSFER CHARACTERISTICS (Q versus Vin) 


TEST CONFIGURATION 





~2.5 Vdc < Vref < +2.5 Vde 


TYPICAL TRANSFER CURVES 





e 
S 
o om fae 
<= Logic ‘1 
3 —10 
=k i ae 
— 
z 
— 
= 
ro) 
dc 
— Logic “0” 
-20 -15 ~-10 -50 20 


Vref 
Vin, DIFFERENTIAL INPUT VOLTAGE (mV) 
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MC1650/MC1651. 


FIGURE 7 — OUTPUT VOLTAGE SWING versus FREQUENCY 


(A) TEST CIRCUIT 





(B) TYPICAL OUTPUT LOGIC SWING versus FREQUENCY 


A 
| ieee eae a is ee 


PEAK-TO-PEAK OUTPUT (VOLTS) 





Input Voltage 
mV Peak-to-Peak 





10 100 200 300 
FREQUENCY (MHz) 





Ce 
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oOo 
a 
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lin, INPUT CURRENT (uA) 





MC1650/MC1651 


FIGURE 8 — INPUT CURRENT versus INPUT VOLTAGE 


TEST CIRCUIT 





Typical MC 1650 (Complementary Input Grounded) 


lin, INPUT CURRENT (uA) 


Vin. INPUT VOLTAGE (VOLTS) 





Typical MC1651 (Complementary Input Grounded) 





Vin, INPUT VOLTAGE (VOLTS) 








(AA) MOTOROLA 


VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


The MC1658 is a voltage-controlled multivibrator which pro- 
vides appropriate level shifting to produce an output compatible 


with MECL III and MECL 10,000 logic levels. Frequency control is 
accomplished through the use of voltage-variable current sources 
which control the slew rate of a single external capacitor. 

The bias filter may be used to help eliminate ripple on the output 
voltage levels at high frequencies and the input filter may be used 
to decouple noise from the analog input signal. 





LOGIC DIAGRAM 








Vex 20 
Bias Filter 120 


Input Filter 13 © 


Vcc = Pin 1 
Vcc2 = Pin5 
Vee = Pin 8 
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MC1658 


VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751B 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 775 


PIN ASSIGNMENT 





MC1658 


FIGURE 1 — CIRCUIT SCHEMATIC 


Vec2~=—*Vcc1 
50 O14 














100 






a Q 

4 | O6 
VcCx Bias 

2 Filter 







nt ms 
Input 
Filter 
13 0 


i Fe | 


500 250 






6 8 


VEE 


TEST VOLTAGE VALUES 


@ Test Vdc +1% 
Temperature 


— 30°C 
+ 25°C 
+ 85°C 


Power Supply Drain mAdc | Viy to Vcx Limit applies 
Current for 1 or 2 


| wAde | Vin to Vex! 
“Q" High Output Voltage : V3 to Vcx. Limits apply 
“Q” Low Output Voltage — 1.575 for 1 or 2 


Conditions (See Figure 2) 





Rise Time (10% to 90%) 


Fall Time (10% to 90%) VIHA to Vex, CX14 from 
. pin 11 to pin 14. 
Oscillator Frequency 


VIHA to Vex, CX25 from 
pin 11 to pin 14. 


Tuning Ratio Test CX25 from pin 11 to 
pin 14. 


NOTES: 1. Germanium diode (0.4 drop) forward biased from 11 to 14 (11 —>}— 14). 
2. Germanium diode (0.4 drop) forward biased from 14 to 11 (11 —+@— 14). 





3. TR = Output frequency at Vcx = Gnd 

: Output frequency at Vcx = —2.0V 

4. Cx1 = 5.0 pF connected from pin 11 to pin 14. 
5. Cx2 = 10 pF connected from pin 11 to pin 14. 
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MC1658 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


: Channel “A” 
Input 2 






Coaxial Cables 
(Equal lengths, typ 2 places) 
To Scope 


r Channel ‘’B” 
Input 2 





50 ohm termination to ground located in each scope chan- 
nel input. 


All input and output cables to the scope are equal lengths 
of 50 ohm coaxiai cable. Wire length should be < 1/4 inch 
from TPjn to input pin and TPoyt to output pin. 


Note: All power supply and logic levels are shown shifted 
2.0 volts positive. 
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MC1658 


FIGURE 3 — OUTPUT FREQUENCY versus CAPACITANCE FOR FIGURE 4 — RMS NOISE DEVIATION versus OPERATING 
VARIOUS VALUES OF INPUT VOLTAGE FREQUENCY 
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f, OPERATING FREQUENCY (MHz) 
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FIGURE 5 — FREQUENCY CAPACITANCE PRODUCT versus 
CONTROL VOLTAGE (Vcx) 


Cy (pF )= Frequency Capacitance Product at Desired Vc x 
Desired Frequency (MHz) 





f. @ Cx; FREQUENCY -CAPACITANCE PRODUCT (MAiz-pF) 


Vex, INPUT VOLTAGE (Vdc) 


Vee = —5.2V, Vcc = OV. 
FOR USE AT Veg = OV, Vcc = +5 V (Vexp = +5 V — Vex) 
Vcxp = POSITIVE INPUT VOLTAGE. 
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(AA) MOTOROLA | MC1660 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Power Supply Drain Current 
Input Current 


Switching Times 
Propagation Delay 


DUAL 4-INPUT OR/NOR GATE 


_ Rise Time, Fall Time 
(10% to 90%) 


ni} 


16 L SUFFIX 
CERAMIC PACKAGE 


LOGIC DIAGRAM CASE 620 : 


2 Aout PIN ASSIGNMENT 


int + in2 + in3 + in4 
int + in2 + in3 + in4 


Veci = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 


tpd = 0.9 ns typ (510 ohm load) 
1.1 ns typ (50 ohm load) 





Pp = 120 mW typ/pkg (No load) 
Full Load Current, lL = —25 mAdc max 
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(A) MOTOROLA 


ELECTRICAL CHARACTERISTICS 


Power Supply Drain Current 


Switching Times 
Propagation Delay 


Rise Time, Fall Time 
(10% to 90%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





PIN ASSIGNMENT 


out = inl + in2 


Vcci = Pin1 
Vcc2 = Pin 16 
VEE = Pins 


tod = 0.9 ns typ (510 ohm load) 
1.1 ns typ (50 ohm load) 





Pp = 240 mW typ/pkg (No load) 
Full Load Current, lL = —25 mAdc max 
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(M) MOTOROLA 


MASTER-SLAVE 
FLIP-FLOP 


Master slave construction renders the MC1670 relatively insen- 
sitive to the shape of the clock waveform, since only the voltage 
levels at the clock inputs control the transfer of information from 
data input (D) to output. 

When both clock inputs (C1 and C2) are in the low state, the 
data input affects only the “Master” portion of the flip-flop. The 
data present in the “Master” is transferred to the “Slave” when 
clock inputs (C1 “OR” C2) are taken from a low to a high level. 


_ In other words, the output state of the flip-flop changes on the 


positive transition of the clock pulse. . 

While either C1 “OR” C2 is in the high state, the ‘Master’ (and 
data input) is disabled. . 

Asynchronous Set (S) and Reset (R) override Clock (C) and Data 
(D) inputs. 7 


Power Dissipation = 220 mW typ (No Load) 
ffog = 350 MHz typ 


TRUTH TABLE 


weereener|a 


Tiirrrcsde oes 


@ = Don't Care 
ND = Not Defined 
C = C1 + C2 





ELECTRICAL CHARACTERISTICS 


Power Supply Drain Current 


Input Current 
Set, Reset 
Clock 


Data 


Switching Times 
Propagation Delay 


Rise Time (10% to 90%) 
Fall Time (10% to 90%) 


Setup Time toq" 
ts9” 
Hold Time tH'1" 
tH’’9” 


Toggle Frequency 
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- MC1670 


MASTER-SLAVE 
FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 


Pin 1 
Pin 16 
VEE = Pins 


PIN ASSIGNMENT 


9|__}Clock 2 





MC1670 


FIGURE 1 — TOGGLE FREQUENCY WAVEFORMS 


Pitt TT TT a 

Clock input TAA 

reso NANPA AA AAT AY 4 noe wee The maximum toggle frequency of the MC1670 has been exceeded 
ine ai mel TTT — +0.31V when either: 





1. The output peak-to-peak voltage swing falls below 600 
millivolts, 
OR 

2. The device ceases to toggle (divide by two). 


Qord 
Output 


nN SN) | ee 
AR 500 2) in 
KUBRVEENAG | 

Le OS a 


FIGURE 2 — MAXIMUM TOGGLE FREQUENCY (TYPICAL) 


Figure 2 illustrates the variation in toggle frequency 
with the dc offset voltage (Vpjag) of the input clock 
signal. 

Figures 4 and 5 illustrate minimum clock pulse width 
recommended for reliable operation of the MC1670. 


VBias 





fTog (MHz) 


FIGURE 3 — TYPICAL MAXIMUM TOGGLE FREQUENCY 





versus TEMPERATURE 
400 
oO 
[do] 
SS 
= = 350 
=o 
= 
e LL 
S 
F fees Heian tae) 





50 85 
Ta, AMBIENT TEMPERATURE (°C) 


+0.66 Vde +0.71 Vde +0.765 Vde 


Note: All power supply and logic levels are shown shifted 2.0 volts 
positive. 
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MC1670 


FIGURE 4 — MINIMUM “DOWN TIME” TO CLOCK 
OUTPUT LOAD = 50 2 wo, 


SCALE 
250 mV/DIV. 





1.0 ns/DIV. 


FIGURE 5 — MINIMUM “UP TIME” TO CLOCK 
OUTPUT LOAD = 50 


SCALE 
250 mV/DIV 





1.0 ns/DIV. 
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(M\) MOTOROLA 


ELECTRICAL CHARACTERISTICS 


TRIPLE 2-INPUT 


EXCLUSIVE-OR GATE 





| Input Current 
A Inputs 
B Inputs 


Switching Times 


Propagation Delay , Inputs 


B Inputs 
3 cad ‘ , L SUFFIX 
Rise Time (10% to 90%) CERAMIC PACKAGE 


Fall Time (10% to 90%) CASE 620 





PIN ASSIGNMENT 


X=AeB+A0eB 


Vec1 = Pin1 
Vcc2 = Pin 16 
Vege = Pin 8 


tpd = 1.1 ns typ (510 ohm load) 
1.3 ns typ (50 ohm load) 
Pp = 220 mW typ/pkg 
Full Load Current, I_ = —25 mAdc max 





Number at end of terminal denotes pin number for L package. 
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(MA) MOTOROLA oe eri 


USE MC12090 





ELECTRICAL CHARACTERISTICS 


Characteristic - - TYPE D FLIP-FLOP 


Input Current 
Pins 7,9 
Pins 11, 12 


Switching Times oe . 
Propagation Delay 
Rise Time, Fall Time. : } 
(10% to 90%) 16 ' L SUFFIX 


Setup Time . CERAMIC PACKAGE 
Hold Time CASE 620 





Toggle Frequency 
TRUTH TABLE 


LOGIC DIAGRAM 





2 @ = Don't Care 





PIN ASSIGNMENT 


Pp = 200 mW typ/pkg (No Load) 
fTog = 500 MHz min 
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MC1690 


FIGURE 1 — TOGGLE FREQUENCY TEST CIRCUIT 





V; Vec1 = Vcc2 = 
in +2.0 Vde Vout 
O 
Coax E Coax 
25 pF i 7 0.1 uF 
50* eee a 
TPin 
Sine Wave Generator, OEE TPout 
AC Coupled 
© 
100* 
VBias = +0.71 Vde o 
; All input and output cables to the 
(Use High Impedance scope are equal lengths of 50 ohm 
Probe to Adjust Vpjas) O coaxial cable. 
dc Supply o 
50 
T 0.1 nF a 0.1 WF 
- O 7 . * . . 
50 ohm termination to ground VEE Non-inductive type. 
located in each scope channel input. —3.2 Vdc 
FIGURE 2 — TOGGLE FREQUENCY WAVEFORMS 
TA = 25°C 
—— + 1,11 V 
Clock Input 
500 MHz --~+0.71 VBias 
— 4+031V The maximum toggle frequency of the MC1690 has been 
exceeded when either: 
1. The output peak-to-peak voltage swing falls below 
600 millivolts, 
OR 
Qord 2. The device ceases to toggle (divide-by-two). 
600 mV min 


Output Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
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(M\) MOTOROLA 


ELECTRICAL CHARACTERISTICS 


| -30c =| + 
ar 
ais 
Current 
| 
eae es 


Ray 
input Curent | im | 
input Leekage Curent | ig | — 
tt - 0.6 1.8 0.6 1.7 
2 


LOGIC DIAGRAM 






QUAD LINE RECEIVER 



















Switching Times 
Propagation Delay 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Rise Time, Fall Time 
(10% to 90%) 





Aint 4 ; PIN ASSIGNMENT 
Ain2 5 Aout 
Bin2 6 Bout 
Cin1 10 po - 
Cin2 11 Cout 
Din1 13 =p we 
D 
Din2 12 out 
VBB = 9 

Vceci = Pin 1 

Vcc2 = Pin 16 

VEE = Pin8 

tpd = 0.9 ns typ (510 ohm load) 





1.1 ns typ (50 ohm load) 


Pp = 220 mW typ/pkg (No Load) 
Full Load Current, I, = —25 mAdc max 
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MC1692 


APPLICATION INFORMATION 


The MC1692 quad line receiver is used primarily to 
receive data from balanced twisted pair lines, as indicated 
in Figure 1. The line is driven with a MC1660 OR/NOR 
gate. The MC1660 is terminated with 50 ohm resistors to 
—2.0 volts. At the end of the twisted pair a 100 ohm 
termination resistor is placed across the differential line 
receiver inputs of the MC1692. Illustrated in Figure 2 is 
the sending and receiving waveforms at a data rate of 
400 megabits per second over an 18 foot twisted pair 


cable. The waveform picture of Figure 3 shows a 5.0 
nanosecond pulse being propagated down the 18 foot 
line. The delay time for the line is 1.68 ns/foot. 

The MC1692 may also be applied as a high frequency 
schmitt trigger as illustrated in Figure 4. This circuit has 
been used in excess of 200 MHz. The MC1692 when 
loaded into 50 ohms will produce an output rising edge 
of about 1.5 nanoseconds. 


FIGURE 1 — LINE DRIVER/RECEIVER 


MC1660 18 Ft 





VTT = -2.0V 0 


FIGURE 2 — 400 MBS WAVEFORMS 








pit Pe 
Sending Pet pe tT 
“ NAAN Se 


0 aa PORN 
RARE 


1/4 


MC1692 


50 






VTT = -2.0V 


FIGURE 3 — PULSE PROPAGATION WAVEFORMS 


_——— 
End 


5.0 ns/cm as 
aan 


Receiving Pe re 
“ HERES 


FIGURE 4 — 200 MHz SCHMITT TRIGGER 


VEE = -5.2V 







-13VP XS 


1/4 
MC1692 
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MECL Memories 
INTEGRATED CIRCUITS 


Organization Access 7 ate Organization 
Device (Word x Bit) Time Case Device — (Word x Bit) 





Access 
Time | 


ECL 10K, 10H PROMS e 

MC10H145 16x 4 620, 648, 775 -lmemi0149*25 | 256+ 4 | 25 | 66 | ez 
MCM10145 16x 4 620 | ——— 

MCM10146 1024 x 1 620 oe a ee ¥ 
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(A) MOTOROLA 


64-BIT REGISTER FILE 
(RAM) MECL 
The MCM10145 is a 64-Bit RAM organized as a 16 x 4 array. 
This organization and the high speed make the MCM10145 particu- 7 64-BIT REGISTER 
larly useful in register file or small scratch pad applications. Fully FILE 
decoded inputs, together with a chip enable, provide expansion (RAM) 
of memory capacity. The Write Enable input, when low, allows 
data to be entered; when high, disables the data inputs. The Chip 
Select input when low, allows full functional operation of the 
device; when high, all outputs go to a low logic state. The Chip 
Select, together with open emitter outputs allow full wire-ORing 
and data bussing capability. On-chip input pulldown resistors 
allow unused inputs to remain open. 
Typical Address Access Time = 10 ns 
Typical Chip Select Access Time = 4.5 ns 
Operating Temperature Range = 0° to +75°C 
50 kQ2 Pulldown Resistors on All Inputs L SUFFIX 
Fully Compatible with MECL 10,000 CERAMIC PACKAGE 
Pin-for-Pin Compatible with the F10145 oe 


BLOCK DIAGRAM PIN ASSIGNMENT 
Q1 


16 [J Vcc (Gnd) 


Data Chip 
Out Select 
Buffer Buffer 


Ee 
PIN NOTATION 
cs Chip Select Input 


AO thru A3 Address Inputs 
DO thru D3 Data Inputs 
16 x 4 Memory Q0 thru Q3 Data Outputs 
Cell Array WE Write Enable Input 


Address Buffer/ 
1/16 Decoder 


TRUTH TABLE 


| MODE INPUT OUTPUT 
Write and | UL GS 
Data In Buffer write “0” | 


Read 


Disabled 


@ = Don’t Care. 











FUNCTIONAL DESCRIPTION: 
The MCM10145 is a 16 word x 4-bit RAM. Bit selec- 
tion is achieved by means of a 4-bit address AO thru A3. 
The active-low chip select allows memory expansion up 
to 32 words. The fast chip select access time allows 
memory expansion without affecting system performance. 


ABSOLUTE MAXIMUM RATINGS 







Base Input Voltage (Vcc = 0) 





Output Source Current — Continuous 
— Surge 


Junction Operating Temperature 


Storage Temperature Range _ 





Test 
Temperature 


ee Test Limits 
| 425°C 


DC Characteristics Symbol 


lEE 






130 


~1.000.4 -0.840 





Power Supply Drain Current 







Input Current High 


Input Current Low 







Logic ‘’1"’ ~0.960 
Output Voltage - 

Logic ‘‘O" 
Output Voitage 


Logic ''1" VOHA |-1 020 ~0.980 
Threshold Voltage 

Logic *‘0"' VOLA. 
Threshold Voltage 


ee ee ee 








-1,650 
oo 
Scala 


The operating mode ‘of the. RAM (CS input low) is 
controlled by the WE input. With WE low the chip is 
in the write mode—the output is low and the data present 
at Dp is stored at the selected address. With WE high the 
chip is in the read mode—the data state at the selected 
memory location is presented non-inverted at On. 











a ey DC TEST VOLTAGE VALUES 
(Volts) 


ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
‘librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


+75°C 


Conditions 
Typ leg @ 25°C =90 mA 
All outputs and inputs open. 
Measure pin 8. 


MAdC Test one input at a time, all 
other inputs are open. 
Vin = VIH. 


uAdc | Test one input at a time, all 
; other inputs are open. 
Vin = VIL: 
Load 50 2 to -2.0 V 






mAdc 










120 
0 


22 
















-0.720 Vde 


-1.625 Vde 
Vde [Threshold testing is performed 
and guaranteed on one input at 


Vde |a time. Vin = Vina or VILA: 
‘Load 50 2 to -2.0 V. 


MCM10145 
SWITCHING CHARACTERISTICS (Ta = 0° to + 75°C, Veg = —5.2 Vde +5°: Output Load see Figure 1; see Note 2.) 


| | 
| craetnine | somos [i] Wve | War] une | cantons | 
Read Mode ri See Figures 2 and 3. 
Measured from 50% of input to 50% of 
















Chip Select Access Time tacs 2.0 
Chip Select Recovery Time tres 2.0 output. See Note 1. 
Address Access Time tAA 4.0 


Write Mode 
Write Pulse Width 





ns twsa = 5 ns 


Data Setup Time Prior to Write ns Measured at 50% of input to 50% of 
Data Hold Time After Write ns output. 

Address Setup Time Prior to Write ns tw = 8 ns. See Figure 4. 

Address Hold Time After Write ns 

Chip Select Setup Time Prior to Write ns 

Chip Select Hold Time After Write ns 

Write Disable Time ns 

Write Recovery Time ns 






















Chip Enable Strobe Mode 
Data Setup Prior to Chip Select 
Write Enable Setup Prior to Chip 

Select 
Address Setup Prior to Chip Select 
Data Hold Time After Chip Select 
Write Enable Hold Time After Chip 
Select 

Address Hold Time After Chip Select 

Chip Select Minimum Pulse Width 

Rise and Fal! Time 
Address to Output 

CS to Output 

Capacitance 

Input Capacitance 

Output Capacitance 








Measured between 20% and 80% points. 


Guaranteed but not tested on standard 
product. See Figure 5. 








Notes: 
1. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
2. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 


Vcc 








FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Input Putse 
ty = te = 2.0 + 0.2 ns 
(20 to 80%) 


Vout 


ViH = -0.9 V 
Vit =-1.7V 


Unused outputs connected to a 50-ohm resistor to ground. 
All timing measurements referenced to 50% of input levels. 
Ry = 502 ; 

C_ < 5.0 pF (Including Jig and Stray Capacitance) 

Delay should be derated 30 ps/pF for capacitive loads up to 50 pF. 











FIGURE 2 — CHIP SELECT ACCESS TIME FIGURE 3 — ADDRESS ACCESS TIME 


Address 
Chip Select 
cs 





FIGURE 4 — WRITE MODE 


Address 


Chip Select 


Write Enabie 


Do ut 





FIGURE 5 — CHIP ENABLE STROBE MODE 





(A) MOTOROLA 


1024 x 1-BIT RANDOM ACCESS MEMORY MECL 


The MCM10146 is a 1024-bit Read/Write Random Access Mem- 1024 X 1-BIT 
_ory organized 1024 words by 1 bit. Data is selected or stored by RANDOM ACCESS 
means of a 10-bit address (AO through AQ) decoded on the chip. MEMORY 
The chip is designed with a separate data in line, a non-inverting 
data output, and an active-low chip select. 
This device is designed for use in high-speed scratch pad, con- 
trol, cache and buffer storage applications. 
@ Fully Compatible with MECL 10,000 
@ Temperature Range of 0° to 75°C (see note 1) 
@ Emitter-Follower Output Permits Full Wire-ORing (see note 3) 


@ Power Dissipation Decreases with Increasing Temperature 
© Typical Address Access of 24 ns —————_ 
@ Typical Chip Select Access of 4.0 ns HF 


PIN DESIGNATION 


cs Chip Select Input 
AO to AY Address Inputs 
Din Data Inputs L SUFFIX 


Dout Data Output CERAMIC PACKAGE 
WE Write Enable Input CASE 620 


PIN ASSIGNMENT 
BLOCK DIAGRAM 





Data Out Chip 
Butter Select 


Sense 
Amplifier 


32x 32 
Memory Celt 
Array 


Write And 
Data !n Buffer 


wn 
Oe 
ar 
Oo 8 
28 
< Gg 
0 O 
of 
zr 
5 
% @ 
~~ 
o 


1/32 Bit Address 
Buffer/Decoder 


Vege =Pin8 
Vcc = Pin 16 
AS A6 A7 A8 AY 





Ee 


gd = Don’t Care. 
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MCM10146 


FUNCTIONAL DESCRIPTION: oo md 

This device is a 1024 x 1-bit RAM. Bit selection is achieved by 
means of a 10-bit address, AO to AQ. 

The active-low chip select is provided for memory expansion up 
to 2048 words. | | . 

The operating mode of the RAM (CS input low) is controlled by 
the WE input. With WE low, the chip is in the write mode, the out- 
put, Dour, is low and the data state present at Dj, is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non- 
inverted at Dayz. (See Truth Table) 


ABSOLUTE MAXIMUM RATINGS 


Symbol | Value | Unit 


VEE 
Base Input Voltage (Vcc = 0) 
Output Source Current — Continuous 
TJ 


















< 50 mAdc _ 
~ Surge - < 100 


dc 

dc 
Junction,Operating Temperature a ae < 165 
Storage Temperature Range -55 to +150 % 


DC TEST VOLTAGE VALUES 
TE CEE ksh 
Test . z 


1870 | -1145 | -1490 | -52_ | 
-0.810 -1.850 -1.105 -1.475 















~ ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 





MCM10146 Test Limits 


DC Characteristics Symbol 


| Min | Max : Conditions 
Power Supply Drain Current a mAdc | Typ lege @ 25°C = 100 mA 
Input Current High ia i 
0.5 - 0.3 uAdc |Test one input at a time, all 
other inputs are open. 
Vin = VIL: 





220 uAdc | Test one input at a time, all 
other inputs are open. 
Vin = ViH., 


Logic ‘1°’ 


lEE 
All outputs and inputs open. 
Measure pin 8. 
linH 
VOH -0.840 Load 50 & to -2.0 V. 
VoL |-—1.870] -1.665 Vde a ; 
Output Voltage 
Logic ''1"’ . VOHA | -1.020 ; i Vde iThreshoild testing is performed 
Threshold Voltage and guaranteed on one input at 
Logic ‘0’ VOLA. 630 Vde ja time. Vin = VIHA OF VILA- 
Threshold Voltage Load 50 2 to -2.0 V. 


Output Voltage 
Logic ‘‘0’’ 


Input Current Low ae 
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FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 


TESTING CONDITIONS INPUT LEVELS 


INPUT LEVELS 


~0.9 V 





MCM10146 





-1.7 V 





LL. = te = 2.6 ns Typ. _ 


All Timing Measurements Referenced to 50% of Input Levels 
Cy_ <= 5.0 pF including Jig and Stray Capacitance 
Rr = 502 

For Capacitance Loading < 50 pF, Delay Should be 

Derated by 30 ps/pF 


-2.0 V 


Guaranteed with Veg = -5.2 Vde + 5.0%, Ta = 0°C to 75°C (see Note 1). Output Load see Figure 1. 


ae Test oom 
Characteristic | Typ | 










Read Mode See Figures 2 and 3. 

Chip Select Access Time Measured at 50% of input to 50% of output. 
Chip Select Recovery Time See Note 2. 
Address Access Time 
Write Mode 


Write Pulse Width 
(To guarantee writing) 


Data Setup Time Prior to Write 

Data Hoid Time After Write 

Address Setup Time Prior to Write 
Address Hold Time After Write 

Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 









4.0 
4.0 
24 
















See Figure 4. 


tWSA = 8.0 ns. 
Measured at 50% of input to 50% of output. 

















tw = 25ns 















Measured between 20% and 80% points. 








Rise and Fall Time 
















nu fA b&w oo nN 
ss [ee ane ; 


Output Rise and Fall Time tr, tf 1.5 When driven from CS or WE inputs. 

Output Rise and Fall Time tr, tf 1.5 When driven from Address inputs. 
Capacitance Measured with a pulse technique. 

Input Lead Capacitance 

Output Lead Capacitance Cout 





Notes: 
(1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 
(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
(3) For proper use of MECL Memories in a system environment, consult: ‘‘MECL System Design Handbook.” 
(4) Typical limits are at Veg = -5.2 Vdc, Ta = 25°C and standard loading. 
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FIGURE 2 — CHIP SELECT ACCESS TIME. 


Chip Select 


Data Output 





FIGURE 3 — ADDRESS ACCESS TIME 





Address Input 


Data Output © 


FIGURE 4 — WRITE STROBE MODE 
Address Input 


Chip Select 





Data Input 


Write Enable 


Data Output 
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(AA) MOTOROLA MCM10149*25 


256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY MECL 


1024-BIT PROGRAMMABLE 


This device is a 256-word x 4-bit field programmable READ-ONLY MEMORY 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic 0 (low). 





@ Typical Address Access Time of 20 ns | | \ wh 
@ Typical Chip Select Access Time of 8.0 ns | \ ' 


@ 50k? Input Pulldown Resistors on All Inputs 


ott SG L SUFFIX 
@ Power Dissipation (540 mW typ @ 25°C) 
Decreases with Increasing Temperature Se eee 





PIN ASSIGNMENT 





input 32 x 32 


Decoder Array and 
Associated Drivers 


Sense Sense 
Amplifer Amplifier 
2 1 ie) 
A? 7 


Output 


as9~| J __| decoder 
asi} 


CS 13 
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: | MCM10149*25 


ELECTRICAL CHARACTERISTICS 


Forcing 
Function Parameter 


Mites 7 VOlmin: <4 





Mites 7 VOlmin: <4 


NOTES: (@ 0-75°C temperature range, 502 to -2.0V. 


SWITCHING CHARACTERISTICS (Note 1) 








Memon = Oto +75°C, 
ae —5. <a Vdc +5% 
Characteristics 
Measured from 50% of input 
tacs 2.0 10 to 50% of output. See Note 1. 





Read Mode 
Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


Rise and Fall Time a tf 1.5 7.0 Measured between 20% and 
80% points. 
Capacitance . Measured with a pulse 
Input Capacitance Cin 5.0 
Output Capacitance Cout 8.0 


technique. 
NOTES: 1. Test circuit characteristics: Rt = 50 2,MCM10149; 
Cy < 5.0 pF (including jig and stray capacitance) 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For:proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
4. Vcop = Vcc = Gnd for normal operation. | 
*To be determined; contact your Motorola representative for up-to-date information. 


PROGRAMMING THE MCM10149 1+ 
















During programming of the MCM 10149, input pins 7, OV and Veep =—5.2V + 5%, the address is set up. After 
9, and 10 are addressed with standard MECL 10K logic a minimum of 100 ns delay, Vop (pin 1) is ramped up to 
levels. However, during programming input pins 2, 3, 4, +12 V + 0.5 V (total voltage Vap to Veg is now 17.2 V, 
5, and 6 are addressed with OV < V),, < + 0.25 V and +12 V —[- 5.2 V] ). The rise time of this Vop voltage 
VEE < VoL < -3.0 V. It should be stressed that this pulse should be in the 1 — 10 ms range, while its pulse 
deviation from standard input levels is required only during width (ty4) should be greater than 100 ms but less than 
the programming mode. During normal operation, standard 1 ms. The Vep supply current at + 12 V will be approx- 
MECL 10,000 input levels must be used. imately 525 mA while current drain from Vec will be ap- 

With these requirements met, and with Vep = Vec = proximately 175 mA. A current limit should therefore be 
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| MCM10149*25 | 


set on both of these supplies. The current limit on the 
Vcp supply should be set at 700 mA while the Vcc supply 
should be limited to 250 mA. It should be noted that the 
Vee supply must be capable of sinking the combined 
current of the Vcc and Vcp supplies while maintaining 
a voltage of —5.2 V + 5%. 


Coincident with, or at some delay after the Vcp pulse _ 


has reached its 100% level, the desired bit to be fused 
can be selected. This is done by taking the corresponding 
output pin to a voltage of + 2.85 V + 5%. It is to be noted 
that only one bit is to be fused at a time. The other three 
unselected outputs should remain terminated through 
their 50 ohm load resistor to —2.0 V. Current into the 
selected output is 5.0 mA maximum. 


PROGRAMMING SPECIFICATIONS 

The following timing diagrams and_ fusing 
information represent programming specifications 
for the MCM10149. 


Vec=Pin16=0V 
Veg =PiN8& = -5.2 V t5% 


Vcp + Pin 1 


Selected Output Open 
Pin (11,12, 14 0r 15) 





Chip Select Pin 13 OmA 





The timing diagram is shown for programming 


one bit. Note that only one bit is blown at a time. 
All addressing must be done 100 ns prior to the 
beginning of the Vcp pulse, i.e, Vep = O V. 
Likewise, strobing of the outputs to determine 
success in programming should occur no sooner 
than 100 ns after Vcp returns to O V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 
A programming duty cycle of < 15% is to be 
observed. 
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After the bit select pulse has been applied to the ap- 
propriate output, the fusing current is sourced out of the 
chip select pin 13. The 0% to 100% rise time of this current 
pulse should be 250 ns max. Its pulse width should be 
greater than 100 ws. Pulse magnitude is 50 mA + 5.0 
mA. The voltage clamp on this current source is to be 
—6.0 V. 

After the fusing current source has returned 0 mA, the 
bit select pulse is returned to its initial level, i.e., the 
output is returned through its load to — 2.0 V. Thereafter, 
Vcp is returned to 0 V. Strobing of the outputs to deter- 
mine success in programming should occur no sooner 
than 100 ns after Vcp has returned to 0 V. The remaining 
bits are programmed in a similar fashion. 


t NOTE: For devices that program incorrectly, return serialized units with individual 
truth tables. Noncompliance voids warranty. 


Definitions and values of timing symbols are 
as follows. 


Symbol Definition Value 


ty 2 1s 


Rise Time, 
Programming Voltage 

Pulse Width, 
Programming Voltage 


= 100us <1ms 


Delay Time, 20 
Programming Voltage 
Pulse to Bit 


Select Pulse 
Pulse Width, Bit Select 


Delay Time, Bit Select 
Pulse to Programming 
Voltage Pulse 


Delay Time, Bit Select 
Pulse to Programming 
Current Pulse 


Rise Time, Programming 250 ns max 


Current Pulse 
Pulse Width, 

Programming 

Current Pulse 


2 100 us 


Delay Time, 
Programming Current 
Pulse to Bit 
Select Pulse 








MCM10149*25_ 





' MANUAL PROGRAMMING CIRCUIT 


+S V +5 Vv 


12k 0.05 uF $8.2 
0.005 uF 


+5 V 









Pulse Gen 



































in Single eae 
Pulse Mode aera 
> 100 us 
Enable 
Sei secl 
1N914 
0-5.2 V 
Current Source (-6 V Clamp) 
SN74LS38 SN74LS38 
510 
510 
IN914 
: or Equiv. 
-5.2 V 
0+5 V 
1/4 1/4 150 
SN74LS38 SN74LS38 240 
180 2, 1/2 W 
2N3905 


| 


512, 1/2W 1N914 












+5 V0 
1N914 510 
"9" iL e a 
fea Heed Cc 7 
10k 
Cc -5.2 V 5 
1.0 k 
c -5.2V 6 
‘ o—1 AS 
1.0k 
Cc -5.2V 10 
, , A4 D2 
1.0k 
-5.2V MCM10149*25 
: ' : Rotary SW 
" : 14 
1.0 k ce ; : 
Cc 4-5.2V 3 5a6 
1.0 k 4 -5.2V 
Cc A-5.2V 92 15 
_ 680 
ee cee. -5.2V 
1.0 k 
-5.2 V 
si 08 616 
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Phase-Locked Loop 
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PHASE-LOCKED LOOP 
INTEGRATED CIRCUITS 


Motorola offers the designer an array of devices to perform phase- -locked loop functions, such as prescalers, phase 


detectors, and oscillators. 


SS" ee. le ae ee es 
16 [weve [ow sree [re] | 


Control Function 
Counter Control Logic 


Counter 


Dual Voltage-Controlled Multivibrator 
Dual Voltage-Controlled Multivibrator 


Programmable Modulo-N Counters (N = 0-9) 
Programmable Modulo-N Counters (N = 0-9) 
Programmable Modulo-N Counters (N = 0-9) 


Detector 





Analog Mixer 

Phase-Frequency Detector 
Phase-Frequency Detector 
Phase-Frequency Detector 





Oscillator 


130 MHz Voltage-Controlled Multivibrator 
200 MHz Voltage-Controlled Multivibrator 
Crystal Oscillator 


MC4024 
MC4324 
MC4016 
MC4018 
MC4316 


MC12002 
MC4044 
MC4344 

MC12040 


MC12101 
MC12100 
MC12061 


0 to +75°C 


— 55° to + 125°C 


0 to. +75°C 
Oto +75°C 


—55° to +125°C| | 


| —30° to + 85°C 


0 to + 75°C 


—55° to + 125°C | 


Oto +75°C 


0 to +75°C 
0 to +75°C 
0 to +75°C 


Low Power Voltage-Controlled Oscillator MC12148 
Voltage-Controlled Multivibrator MC1658 
Voltage-Controlled Oscillator MC1648 


Prescaler 


1.1 GHz +256 Prescaler 

1.1 GHz +32/33, + 64/65 Dual Modulus Prescaler 

1.1 GHz + 32/33, + 64/65 Dual Modulus Prescaler 

1.1 GHz +64 Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler with Stand-By Mode 
1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler with Stand-By Mode 
1.1 GHz +64/65, + 128/129 Low Power Dual Modulus Prescaler 
1.1 GHz +64/65, + 128/129 Low Power Dual Modulus Prescaler 
1.1 GHz +64/65, + 128/129 Low Voltage Dual Modulus Prescaler 
1.1 GHz +64/65, + 128/129 Low Voltage Dual Modulus Prescaler 
1.1 GHz +64/65, + 128/129 Low Voltage Dual Modulus Prescaler 
1.1 GHz +64/65, + 128/129 Low Voltage Dual Modulus Prescaler 
1.3 GHz +256 Prescaler 

1.3 GHz +256 Prescaler 

2.0 GHz + 32/33, +64/65, Dual Modulus Preséaler 

2.0 GHz +32/33, +64/65, Dual Modulus Prescaler 

2.0 GHz +32/33, + 64/65 Low Voltage Dual Modulus Prescaler 
2.0 GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 
2.0 GHz +64/65, + 128/129 Dual Modulus Prescaler 

2.0 GHz +64/65, + 128/129 Dual Modulus Prescaler 

2.0 GHz + 64/65, + 128/129 Low Voltage Dual Modulus Prescaler 
2.0 GHz + 64/65, + 128/129 Low Voltage Dual Modulus Prescaler 


— 40° to + 85°C 
— 30° to + 85°C 
— 30° to +85°C 





MC12074 0 to +70°C 
MC12028A | —40° to +85°C 
MC12028B | —40° to +85°C 

MC12073 0 to +70°C 
MC12022A | —40° to +85°C 
MC12022B | —40° to +85°C 

MC12022SLA| —40° to +85°C 
MC12022SLB;} —40° to +85°C 
MC12022TSA| —40° to + 85°C 
MC12022TSB!| —40° to +85°C 
MC12036A | —40° to +85°C 
MC12036B | —40°to +85°C 
MC12052A | —40°to +85°C 
MC12052B | —40°to +85°C 
MC12022LVA| — 40° to + 85°C 
MC12022LVB| —40° to + 85°C 
MC12022TVA} —40° to +85°C 
MC12022TVB; —40° to +85°C 

MC12076 0 to +85°C 

MC12078 0 to +85°C 
MC12034A | —40°to +85°C 
MC12034B | —40° to +85°C 
MC12033A | —40° to +85°C 
MC12033B | —40°to +85°C 
MC12032A | —40° to +85°C 
MC12032B | —40° to +85°C 
MC12031A | —40° to +85°C 
MC12031B | —40° to +85°C 


225 MHz 
225 MHz 
225 MHz 
225 MHz 
225 MHz 
480 MHz 
520 MHz 
520 MHz 
550 MHz 
550 MHz 
750 MHz 


+ 20/21 Dual Modulus Prescaler 
+ 32/33 Dual Modulus Prescaler 
+ 40/41 Dual Modulus Prescaler 
+64 Prescaler 

+ 64/65 Dual Modulus Prescaler 
+5/6 Dual Modulus Prescaler 

+ 128/129 Dual Modulus Prescaler 
+ 64/65 Dual Modulus Prescaler 
+ 10/11 Dual Modulus Prescaler 
+ 8/9 Dual Modulus Prescaler 
+2 UHF Prescaler 
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MC12019 
MC12015 
MC12016 
MC12023 
MC12017 
MC12009 
MC12018 
MC12025 
MC12013 
MC12011 
MC12090 


— 40° to + 85°C 
— 40° to + 85°C 
— 40° to +85°C 


0 to +70°C 


- 40° to + 85°C 
—30° to +85°C 
— 40° to + 85°C 
-—40° to + 85°C 
—30° to +85°C 
— 30° to +85°C 


0 to +75°C 


oo vouuvnv0o000C0C000C0ccC0CCcC0C00000000000 0 000 





MC4316 
(MA) MOTOROLA MC4016 
MC4018 


PROGRAMMABLE MODULO-N COUNTERS PROGRAMMABLE MODULO-N 
COUNTERS 


The monolithic devices are programmable, cascadable, 
modulo-N-counters. The MC4316/4016 can be programmed to 
divide by any number (N) from 0 thru 9, the MC4018 from 0 
thru 15. 

The parallel enable (PE) input enables the parallel data inputs 
DO thru D3. All zeros are entered into the counter by applying a 
logic “0” level to the master reset (MR) and PE inputs. This causes 
the counter to stop counting (count = 0). All data inputs are 
independent of the logic level of the Clock. C + SUERIS 

; : ; ERAMIC PACKAGE 

Modulo-N counters are useful in frequency synthesizers, in CASE 620 
phase-locked loops, and in other applications where a simple 
method for frequency division is needed. 


All Types: 
Input Loading Factor: Total Power Dissipation = 
Clock, PE = 2 250 mW typ/pkg 
DO, D1, D2, D3, Gate = 1. — Propagation Delay Time: 
MR = 4 Clock to Q3 = 50 ns typ 
Output Loading Factor = 8 Clock to Bus = 35 ns typ P SUFFIX 


PLASTIC PACKAGE 
CASE 648 





PIN ASSIGNMENT 


MC4316/4016 


MC4316/4016 
MC4018 


Vcc =Pin 16 
Gnd=Pin 8 





cococcoc+-|Q| 


Opm-NWHTAIH~S WD O 


OU 
tep Vibes 
1/110 
1; 0) 1 
1 | 0} 0 
0;1)1 
0; 11; 0 
0; 0; 1 
0/0; 0 
1; 1] 1 
1 | 1; 0 
1/07; 1 
1,0; 0 
o|;1] 1 
0; 1/1, 0 
0;0}; 1 
0; 0, 0 


1 
1 
1 
1 
1 
1 
9 1 
8 1 
7 0 
6 0 
5 0 
4 0 
3 0 
2 0 
1 0 
0 0 
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LOGIC DIAGRAMS 





MC4316/4016. 
| Clock 
R 
Bus 
MR 
Gate 
PEO 
Vcc = Pin 16 
GND =Pin 8 
MC4018 





Vec = Pin 16 
GND =Pin 8 





ELECTRICAL CHARACTERISTICS 


Tests are shown for one output only. 
Others are tested in the same manner. 


MC4316/4016 
MC4018 









mA 
























TEST CURRENT/VOLTAGE VALUES 






















































T 
Temperetur ie _| 
{ see [2 [-16[ — | 
Mc4si16)+25°C fee [ise] 36 [18 | “0 | 50 | 45 
Mc4o16/4018 425°C fze[ os] 96] 16] =e | 








MC4016/4018 TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 


1 
fov2| !ot3} 'on | Nc Vie VIH VIHH VILT Vint |¥cc} Veer 


= 2 10 = = seer 
2 ‘a 3 4 = ee : 
: | 4 3 x : - 
- 5 10 = - 7 
= 6 = be - = 
- : 10 2,5,11,14 3 = : 
= e 11 10 - - 
~ 14 10 = 2 : 
2 10 s S 
3 4 - - : 
4 3 - ~ - 

5 10 2 7 
10 2,5,11,14 us 7 
11 10 = - - 
14 10 = 2 : 





















Characteristic 






Input 
Forward Current 














for) 
| 
‘ 
\ 






















































Leakage Current - a = 2 = _ 
- = = = 3 _ 
= = : _ 4 — 
= = 2 2 5 = : : 
= - =- - 6 _ H ss 
= = = = 10 = = 
= = = 11 - - 
= = = = 14 - = 
mAdc = ey - - 2 - - 
- = 3 
- - 4 
= z 5 
- = 6 
= = 10 
5 - 11 
» a 14 











xls = Wee eee ae ee) es 
0.4 Vde 1 = 
0.4 - _ 
3 ; = ear - eal 
-20 | -65 | -20 | -65 25 I weet 3 2,5,11,14 - - 
-1.8] -3.8 | -1.8; -3.8 |-1.8] -3.8 |mAdc = es = 









Output 
Output Voltage 


Short-Circuit Current 


Power Requirements 
(Total Device) 
Power Supply Drain 





2.3,5,11,14 








































**Test all inputs in the same manner. 
#Test applies only to the MC4316/4016 and MC4018. 
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SWITCHING TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 


The coax delays from input to 
scope and output to scope must be 
matched. The scope must be ter- 
minated in 50-ohm impedance. 
The 9950-ohm resistor and the 
scope termination impedance con- 
stitute a 200:1 attenuator probe. 
“one shall be CT-070-50 or equiv- 
alent 











PULSE 
GENERATOR 






PRF = 8.0 MHz (Pulse T) 
= 1.0 MHz (V and Y) 
Duty Cycle = 50% 
t =t¢ <5.5 ns 
(10% to 90% points) 


Cyr Cr = 15 pF = total parasitic capac- 
itance, which includes probe, wir- 
ing, and load capacitance. 


Note 1: ab 
Counter programmed for +8 operation. 


(For MC4316/4016 and MC4018, pin 13 is the resistor pin, and left open.) 


T 
PRF = 8.0 MHz 


PRF = 1.0 MHz 


Y 
PRF = 1.0 MHz 





SWITCHING TIME TEST PROCEDURES (T , = 25°C) 
(Letters shown in test columns refer to waveforms. | soc 












Clock | Gate DO,D1,D2 | D3,PE, MR our iS 
SYMBOL Pin6 Pin4 Pins 5,11,14 Pins 2,3,10 Pin 12 oe 1 i 








Toggle Frequency 
(Check before measuring 
propagation delay.) 


Propagation Delay 
Clock 1 to Q3 
MC4316/4016 
MC4018 


ike asks 
| y |v | sm | 2ev | - | z | 
Pe fe om foe} - fede 
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OPERATING CHARACTERISTICS 
MC4316/4016, MC4018 


Operation of both counters is essentially the same. 
The MC4316/4016 has a maximum modulus of ten while 
the MC4018 is capable of dividing by up to sixteen. 
Minor differences in the programming procedure will 
be covered in the discussion of cascaded stages. 

Suitable connections for operating a single stage are 
shown in Figure 1, as well as appropriate waveforms. 
The desired modulus is applied to the data inputs DO, D1, 
D2, and D3 in binary (MC4018) or binary coded decimal 
(MC4016) positive logic format. If a number greater than 
nine (BCD 1001) is applied to the MC4016, it treats the 
most significant bit position as a zero; if for example, 
binary fourteen (1110) were applied to an MC4016, the 
counter would divide by six. BCD eight is programmed 
in Figure 1. As PE is taken low the states on the parallel! 
inputs are transferred to their respective outputs. Sub- 
sequent positive transitions of the input clock will dec- 
rement the counter until the all zero state is detected by 
the bus gate. The resulting positive transition of the bus 
line is internally inverted and fed back to the preset gating 
circuitry but does not yet preset the counter since the 
gateclock input is still high. As the clock returns to the 
low state the counter is set to the programmed state, 
taking the bus line low. The net result is one positive 
pulse on the bus line for every N clock pulses. The output 
pulse width is approximately equal to one clock pulse 
high time. 

Operation will continue in this fashion until the data on 
the programmable inputs is changed. Since the preset 
circuitry is inhibited except when the counter is in the 


zero state, preset data may be changed while clocking is 
occurring. If it is necessary to enter anew number before 
the counter has reached zero this can be done by mo- 
mentarily taking PE low. Countdown will continue from 
the new number on the next positive clock transition. 

The counters can be made to divide by 10 (MC4016) 
or 16 (MC4018) by inhibiting the preset logic. This may 
be done by either holding the gate input high or by hold- 
ing the bus line low. 

The normal connections for cascading stages are in- 
dicated in Figure 2, with the appropriate waveforms. Note 
that the gate input of each stage is connected to the clock; 
all bus outputs are tied to one of the internal pullup re- 
sistors, R. The total modulus for cascaded MC4016s is 
determined from Ny = Ng + 10N1 + 100N9 +...; N7 
for MC4018s is given by Ny = Ngo + 16Nq + 256No 
+... Stated another way, the BCD equivalent of each 
decimal digit is applied to respective MC4016 stages 
while the data inputs of the MC4018 stages are treated 
as part of one long binary number. The difference in 
programming is illustrated in Figure 2 where Ny = 245 
is coded for both counter types. 

Cascaded operation can be further clarified by referring 
to the timing diagram of Figure 2. For the MC4016, count- 
ing begins with the first positive clock transition after the 
data has been set in. After the five clock pulses, the least- 
significant stage has been counted down to zero. The bus 
line does not go high at this time since the three bus 
terminals are wire-ORed and the other two stages are not 
in the zero state. Since no reset occurs, the next positive 


FIGURE 1 — SINGLE-STAGE OPERATION 





GPE Q0 Q1 Q2 Q3 
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OPERATING CHARACTERISTICS: MC4316/4016, MC4018 


clock edge advances the least significant stage to the nine 
(1001) state, causing the second stage to be decremented. 
The process continues in this manner with the least sig- 
nificant stage now dividing by ten. The second stage 
eventually counts down to zero and also reverts to di- 


viding by ten. Each pulse out of the second stage dec- 
rements the third until it reaches zero. At this time the 
bus line goes high; it remains high until the clock goes 
low, causing all three stages to be reset to the pro- 
grammed count again. | 


FIGURE 2 — CASCADED OPERATION 
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MC4016 BCD 1 0 1. 0 0 
MC4018 Binary 1 oO 1 (0) 1 
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APPLICATIONS INFORMATION 


A typical system application for programmable counters 
is illustrated in the frequency synthesizer shown in Figure 
4. There the counter provides a means of digitally se- 
lecting some integral multiple of a stable reference fre- 
quency. The circuit phase locks the output, fyco, of a 
voltage controlled oscillator to a reference frequency, 
fref.' Circuit operation is such that fyco = Nfref, where 
N is the divider ratio of the feedback counter. 


in many synthesizer applications the VCO is operated 
at VHF frequencies too high for direct division by TTL 
counters. In these cases the VCO output is usually pre- 
scaled by using a suitable fixed divide-by-M ECL circuit 
as shown in Figure 5. For this configuration, fyco = 
NMfreg, where N is variable (programmable) and M is 
fixed. Design of the optimum loop filter requires that the 
input reference frequency be as high as possible where 


FIGURE 4 — MTTL PHASE-LOCKED LOOP 


fvco 


1/2 MC4024 


+N Programmable 
Counter Chain 
MC4016/18 





FIGURE 5 — MTTL-MECL PHASE-LOCKED LOOP 


fret 














+N Programmable 
Counter Chain 
MC4016/18 





MC1658 






+M Prescaler 
MC10137 


1 See Motorola Application Note AN-535 and the MC4344/4044 Data Sheet for detailed explanation of overall circuit operation. 











FIGURE 6 — FEEDBACK COUNTERS WITH sie 
MODULUS PRESCALER 







Modulus Control 
Counter. 
~Nme 











Dual Modulus 
Prescaler 
+M or (M+1) — 





vco Programmable 


Counter 


Noo fout 


To Phase Detector 
for comparison with fre¢. 


the upper limit is established by the required channel 
spacing. Since fyco = Nfref in the non-prescaled case, 
if N is changed by one, the VCO output changes by fref, 
or the synthesizer channel spacing is just equal to f,ef. 
When the prescaler is used as in Figure 5, fyco = NMfref, 
and a change of one in N results in the VCO changing by 
Mfref, i.e., if fref is set equal to the minimum permissible 
channel spacing as is desirable, then only every M chan- 
nels in a given band can be selected. One solution is to 
set fref = channel spacing/M but this leads to more strin- 
gent loop filter requirements. 

An alternate approach that avoids this problem is pro- 
vided by the counter configuration shown in Figure 6.2 
It too uses a prescaler ahead of a programmable counter, 
however the modulus of the prescaler is now controlled 
by a third counter, causing it to alternate between M and 
M + 1. Operation is best explained by assuming that all 
three counters have been set for the beginning of a cycle: 
the prescaler for division by (M + 1), the modulus control 


counter for division by Nm, and the programmable 
counter for division by No. The prescaler will divide by 
(M + 1) until the modulus control counter has counted 
down to zero; at this time, the all zero state is detected 
and causes the prescaler to divide by M until the pro- 
grammable counter has also counted down to zero. When 
this occurs, a cycle is complete and each counter is reset 
to its original modulus in readiness for the next cycle. 
For this Ronmgurauen; 

fpr | | seme? 

fout MNoc + Nme 

In terms of the synthesizer application, fyco = (MNoc 
+ Nme) fref and channels can be selected every fre by 
letting Noc and Nmg¢ take on suitable integer values, in- 
cluding zero. 

A simplified example of this technique is shown i in Fig- 
ure 7. The MC12013 Dual Modulus Prescaler divides by 
either 10 or 11 when connected as shown in Figure 7. If 
the E3 and E4 Enable inputs are high at the start of a 
prescaler cycle, division by 10 results; if the Enable inputs 
are low at the beginning of the cycle, division by 11 re- 
sults. The zero detection circuitry of the MC12014 Counter 
Control Logic is connected to monitor the outputs of the 
modulus control counter; this provides a suitable enable 
signal at EQ as the modulus control counter reaches its 
terminal (zero) count. The remainder of the MC12014 is 
connected to extend the operating frequency of the pro- 
grammable counter chain. 

A specific example of this technique is shown in Figure 
8. There the feedback divider circuitry required for gen- 
erating frequencies between 144 MHz and 178 MHz with 
30 kHz channel spacing is shown.2 


FIGURE 7 — FREQUENCY DIVISION: fo = fin/MNpc + Nmc 
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2. This application is discussed in greater detail in the MC 12014 Counter Control Logic data sheet. 
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n 
30 kHz 


B7 B6 B5 B4 B3 B2 B1 BO 


AS A4 A3 A2 Al 


0 Oo; 1) O 
8] 4) 2 8} 4) 2 8} 4 






FIGURE 8 — 144 TO 178 MHz FREQUENCY SYNTHESIZER 
WITH 30 kHz CHANNEL SPACING 
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Figure 9 shows a frequency synthesizer system for 
the aircraft band of 108 to 136 MHz with a channel spac- 
ing of 50 kHz. For a system of this type it is desirable 
to use direct-reading thumbwheel switches for channel 
selection. To implement this system with these con- 
straints, it is necessary to calculate the required refer- 
ence frequency (fre). Figure 9 requires a reference fre- 
quency of 10 kHz and N4 must be programmed to only 
0 and 5. 

For any phase-locked loop system it is desirable to. 
maintain as high a reference frequency as possible 
while meeting the system requirements. The higher the 
reference frequency, the higher the number of sampling 
pulses received by the phase detector per unit time. This 
results in (1) easier filtering of the control voltage, 


(2) faster lock-up time, and (3) less noise in the output 
spectrum. The higher reference frequency is also desir- 
able because the reference frequency appears as side- 
bands on the output frequency and the farther the side- 
bands are away from the output the better the system. 
Another advantage of the higher reference frequency is 
the smaller divide ratio required in the programmable 
counter chain. This is advantageous when calculating 
realizable resistors for the filter. 

Figure 10 shows the implementation of the aircraft 
band synthesizer with 25 kHz channel spacing (the 
25 kHz spacing has been proposed to the FCC). Figure 
10 shows the system using an MC4018 as the first 
counter, and has a reference frequency of 6.25 kHz to 
obtain the direct programming. 


FIGURE 9 — 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 50 kHz CHANNEL SPACING 
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FIGURE 10 — 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 25 kHz CHANNEL SPACING 
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Figure 11 shows the FM band implemented with the tions where the channel spacing is 1 x 109 Hz. The 
MC4016 and has a 100 kHz reference frequency. MC4018 is used when the most significant digit is 
The MC4316/4016 covers phase-locked loop applica- between 9 and 15. 











FIGURE 11 — 88 TO 108 MHz FREQUENCY SYNTHESIZER WITH 200 kHz CHANNEL SPACING 
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N = 100N, + 10N5 + N3 = Ntref 
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(MA) MOTOROLA 


DUAL VOLTAGE-CONTROLLED MULTIVIBRATOR 


The MC4324/4024 consists of two independent voltage- 
controlled miltivibrators with output buffers. Variation of the out- 
put frequency over a 3.5-to-1 range is guaranteed with an input 
dc control voltage of 1.0 to 5.0 voltage. | 

Operating frequency is specified at 25 MHz at 25°C. Operation 
to 15 MHz is possible over the specified temperature range. For 
higher frequency requirements, see the MC1648 (200 MHz) or the 
MC1658 (125 MHz) data sheet. 

This device was designed specifically for use in phase-locked 
loops for digital frequency control. It can also be used in other 
applications requiring a voltage-controlled frequency, or as a sta- 
ble fixed frequency oscillator (3.0 MHz to 15 MHz) by replacing 
the external control capacitor with a series mode crystal. 


Maximum Operating Frequency = 25 MHz Guaranteed 
@ 25°C 

Power Dissipation = 150 mW typ/pkg 

Output Loading Factor = 7 


TYPICAL APPLICATIONS 
FIGURE 1 — ASTABLE MULTIVIBRATOR FIGURE 2 — CRYSTAL CONTROLLED 
MULTIVIBRATOR 
+5.0 V 25pF i50Vv 


Crystal frequency can be pulled 
slightly by adjusting P1. 


fout = 10 MHz 


FIGURE 3 — VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


+5.0V 100 pF 450Vv 


Vin=2.5 V to 5.5 V 
fout = 1.0 MHz min, 5.0 MHz max 





6-14 


MC4324 
MC4024 


DUAL 
VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
(TO-116) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC4024 only) 


PIN ASSIGNMENT 





Sl-9 


Vcc: VCM = 1, 13 
Output Buffer = 14 
Gnd: VCM = 5,9 
Output Buffer = 7 
External Capacitor for 
Frequency Range Determination 


ELECTRICAL CHARACTERISTICS 


TEST CURRENT/VOLTAGE VALUES 






(@ Test 


ae 

pe leduaslae a ae 
rs errs ear ve 

ses | pee ra are vee 


oc| os | 112 |-16| 50 | 50 | 
Mc4024 | 98 | 


X1 
Pi ere oo eee ee TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW 
in : 
Characteristic Test rs 
Input 
Forward Current 100 100 100 100 100 100 | Adc 
100 100 100 100 100 100 | pAdc 


Output 

Output Voltage ; VOL | 4 | 4 | 4 \ 4 
: 
=x 


VOH Ra 
Ra 


| See Current Ee ~ | = ~ Eis ~ oe ae i ,3,14 5,6,7,9 
Beale —20 —20 lee ae S 11,13,14 5,7,8,9 
Eeeiceaial Requirements 
(Total Device) 
Power Supply Drain 1,3,14 mAdc 2,4,10,12 


FIGURE 4 — AC TEST CIRCUIT AND WAVEFORMS 












Ona ga 








10 pF* 
1. Reset MC3060 —— = VoH 
—— 2. Apply ramp voltage fo = VoL 
7 3. “Output” will go high when Gnd 


fout > 25 MHz (Vcc = 5.0 Vde, Ta = 25°C) 





5.0 V 
OV 
Ramp Output - TEST SYMBOL CONDITIONS 
Generator _-———_ — Maximum Operating | Fmax |Cx = 10 pF, Vin = 5.0 Vde 
Frequency Frequency Ratio = 3.5:1 






2.5 MHz (+) MC3060 Ratio of Frequency of Cx = 100 pF, 
Square Wave Oscillation Over ZF... |Vin high = 5.0 Vdc, 


ii Including total co Specified Input Vin low = 1.0 Vdc 
parasitic capacitance. a Voltage Range 








= 
2) 
rq 
A) 
LS) 
<4 
® 
= 
2) 
_ 
=) 
tS) 
> 
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FIGURE 5 — FREQUENCY-CAPACITANCE PRODUCT 


Vcc = 5.0 V 
Ta = 25°C 
Cx = 100 pF 


PRODUCT (MHz © pF) 


fed 
La 
= 
ie 
a 
bey 
Ke 

y 
™ 


fout Cx, FREQUENCY-CAPACITANCE 


JE CEEEE 


4.0 4. 


in, DC CONTROL INPUT VOLTAGE (Vdc) 


= Ww 


FIGURE 7 — TYPICAL FREQUENCY DEVIATION 
versus SUPPLY VOLTAGE 


Afout, FREQUENCY DEVIATION (%) 


FIGURE 9 — FREQUENCY DEVIATION versus 
AMBIENT TEMPERATURE 





ee 
Vcc = 5.0 Vde 











Afout , FREQUENCY DEVIATION (%) 





25 
Ta, AMBIENT TEMPERATURE (°C) 


50 75 








Afout, FREQUENCY DEVIATION (%) KyC x 10-8, GAIN CONSTANT (rad/s/V/pF) 


Af, FREQUENCY DEVIATION, RMS (Hz) 


500-7 _T TTT. 1 Lit ZT LTT 


FIGURE 6 — FREQUENCY-VOLTAGE GAIN 
CHARACTERISTICS 


Vcc = 5.0 V+5% 
Ta = 0° to 75°C (MC4024) 
-55° to 125°C (MC4324) 





3.5 40 -; 
in, DC CONTROL INPUT VOLTAGE (Vdc) 


<= Co 


FIGURE 8 — TYPICAL FREQUENCY DEVIATION 
versus SUPPLY VOLTAGE 








5.00 
Vcc, SUPPLY VOLTAGE (Vdc) 


FIGURE 10 — RMS NOISE DEVIATION versus 
OSCILLATOR FREQUENCY 
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NOTE: Curves labeled as 3 o limits denote that 99.7% of the devices tested fell within these limits. 
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FIGURE 11 — NOISE DEVIATION TEST CIRCUIT 


20 kHz above 


Signal Generator 





HP 608 
MC4324/4024 Frequency or Equiv 
10.020 MHz 
300 mV 
[Voltmeter 
Mc4324/4024 sincere haa Product | 20kHz — {frequencyMieter ee 
Under T Attenuator Detect HP5210A RMS 
ner es 75 0 10 MHz eens or Equiv HP3400A or Equiv 





Frequency Deviation = 





(HP5210A output voltage) (Full Scale Frequency) 


1.0 Volt 


NOTE: Frequency deviation values of either the signal generator or power 
supply should be determined prior to testing. 


APPLICATIONS INFORMATION 


Suggested Design Practices 


Three power supply and three ground connections are 
provided in this circuit (each multivibrator has separate 
power supply and ground connections, and the output 
buffers have common power supply and ground pins). 
This provides isolation between VCM’s and minimizes 
the effect of output buffer transients on the multivibrators 
in critical applications. The separation of power supply 
and ground lines also provides the capability of disabling 
one VCM by disconnecting its Vcc pin. However, all 
ground lines must always be connected to insure sub- 
strate grounding and proper isolation. 

General design rules are: 

1. Ground pins 5, 7, and 9 for all applications, including 
those where only one VCM is used. 

Use capacitors with less than 50 nA leakage at plus 

and minus 3.0 volts. Capacitance values of 15 pF or 

greater are acceptable. 

. When operated in the free running mode, the min- 
imum voltage applied to the DC Control input should 
be 60% of Vcc for good stability. The maximum 
voltage at this input should be Vcc + 0.5 volt. 

. When used in a phase-locked loop, the filter design 
should have a minimum DC Control input voltage 
of 1.0 volt and a maximum voltage of Vcc + 0.5 
volt. The maximum restriction may be waived if the 
output impedance of the driving device is such that 
it will not source more than 10 mA at a voltage of 
Vcc + 0.5 volt. 

. The power supply for this:device should be by- 
passed with a good quality RF-type capacitor of 500 
to 1000 pF. Bypass capacitor lead lengths should be 
kept as short as possible. For best results, power 


2. 
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supply voltage should be maintained as close to 
+ 5.0 V as possible. Under no conditions should the 
design require operation with a power supply volt- 
age outside the range of 5.0 volts + 10%. 


External Control Capacitor (Cy) Determination 
(See Table 1) 


The operating frequency range of this multivibrator is 
controlled by the value of an external capacitor that is 
connected between X1 and X2. A tuning ratio of 3.5-to- 
1 and a maximum frequency of 25 MHz are guaranteed 
under ideal conditions (Vcc = 5.0 volts. Ta = 25°C). 
Under actual operating conditions, variations in supply 
voltage, ambient temperature, and internal component 
tolerances limit the tuning ratio (see Figures 7 thru 12). 
An improvement in tuning ratio can be achieved by pro- 
viding a variable tuning capacitor to facilitate initial align- 
ment of the circuit. 

Figures 5 through 9 show typical and suggested design 
limit information for important VCM characteristics. The 
suggested design limits are based on operation over the 
specified temperature range with a supply voltage of 5.0 
volts + 5% unless otherwise noted. They include a safety 
factor of three times the estimated standard deviation. 

Figures 5 and 6 provide data for any external control 
capacitor value greater than 100 pF. With smaller capac- 
itor values, the curves are effectively moved downward. 
For example, a typical curve of frequency versus control 
voltage would be very nearly identical to the lower sug- 
gested design limit of Figure 5 if a 15 pF capacitor is used. 
To use Figure 5 divide on the ordinate by the capacitor 
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TABLE 1 — EXTERNAL CONTROL CAPACITOR VALUE DETERMINATION 


VALUES OF K 
CONFIGURATION ; : 
TA Vcc 

























Cx = Cxy + CxF 


e fout 





Choose Cxf and Cxy such that 
Cx can be adjusted to: 






=—— -5<C 

fOH ‘ 
With Vin = Vcc = 5.0 V, adjust 
Cx to obtain: 


fout = K5 (foH) 
Then: 





fo. < fOH 
K1 


Definitions: foH = Output frequency with Vin = Vcc 
fo_ = Output frequency with Vj, = 2.5 V 
(Frequencies in MHz, Cx in pF) , 


value in picofarads to obtain output frequency in mega- Two VCM’‘s (one package) are used to obtain the required 
hertz. In Figure 6 the ordinate axis is multiplied by the frequency range. Each VCM is capable of operating over 
capacitor value in picofarads to obtain the gain constant. a 3-to-1 range, thus VCM1 is used for the lower portion 
(Ky) in radians/second/volt. of the times ten range and VCM2 covers the upper end. 

The proper divide ratio is set into the programmable 
Frequency Stability counter and the VCM for that frequency is selected by 





control gates. The other VCM is left to be free running 
since its output is gated out of the feedback path. 
Normally with a single VCM the loop gain would vary 
over a 10-to-1 range due to the range of the counter ratios. 
This affects the bandwidth, lockup time, and damping 
ratio severely. Utilizing two VCM’s reduces this change 
in loop gain rom 10-to-1 to 3-to-1 as a result of the dif- 
ferent sensitivities of the two VCM's due to the different 
frequency ranges. This change of VCM sensitivity (3-to- 


When the MC4324/4024 is used as a fixed-frequency 
oscillator (Vj, constant), the output frequency wil vary 
slightly because of internal noise. This variation is indi- 
cated by Figure 10 for the circuit of Figure 11. These 
variations are relatively independent (< 10%) of changes 
in temperature and supply voltage. 


10-to-1 Frequency Synthesizer 


A frequency synthesizer covering a 10-to-1 range is 1) is of such a direction of compensate for loop gain 
shown in Figure 14.Three packages are required to com- variations due to the programmable counter. 
plete the loop: The MC4344/4044 phase-frequency de- The overall concept of multi-VCM operation can be 
tector, the MC4324/4024 dual voltage-controlled multi- expanded for ranges greater than 10-to-1. Four VCM's 
vibrator, and the MC4318/4018 programmable counter. (two packages) could be used to cover a 100-to-1 range. 
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FIGURE 12 — 10-TO-1 FREQUENCY SYNTHESIZER 










VCM2 
V2 MC4024 
4-10 kHz 











Phase- 
Frequency 
Detector 

MC4044 


fref 
1.0 MHz 






VCM1 
V2 MC4024 
1-3 kHz 







+ 1-10 
Counter 
McC4018 





D3 D2 Di DO 





VCM1 VCM2 

Pew bape yor Tory a |B |! | oe 
1 0 0 0 1 1 1 X 1 
2 0 0 1 0 1 2 Xx 2 
3 0 0 1 1 1 3 X 3 
4 0 1 0 0 0 X 4 4 
5 0 1 0 1 0 X 5 5 
6 0 1 1 0 0 X 6 6 
7 0 1 1 1 0 X 7 7 
8 1 0 0 0 0 X 8 8 
9 1 0 0 1 0 X 9 9 
10 1 0 1 0 0 X 10 10 
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(A) MOTOROLA 


PHASE-FREQUENCY DETECTOR 


The MC4344/4044 consists of two digital phase detectors, a 
charge pump, and an amplifier. In combination with a voltage 
controlied multivibrator (such as the MC4324/4024 or MC1648), 
it is useful in a broad range of phase-locked loop applications. 
The circuit accepts TTL waveforms at the R and V inputs and 
generates an error voltage that is proportional to the frequency 
and/or phase difference of the input signals. Phase detector #1 


is intended for use in systems requiring zero frequency and phase 
difference at lock. Phase detector #2 is used if quadrature lock is 
desired. Phase detector #2 can also be used to indicate that the 
main loop, utilizing phase detector #1, is out of lock. 


Operating Frequency = 8 MHz typ 

Input Loading Factor: R, V = 3 

Output Loading Factor (Pin 8) = 10 

Total Power Dissipation = 85 mW typ/pkg 

Propagation Delay Time = 9.0 ns typ 
(thru phase detector) 


LOGIC DIAGRAM 










Phase 
Frequency 
Detector 
#1 











Phase O 12 
Frequency 
Detector 
#2 O6 







Output 
Vcc=Pin 14 
GND=Pin 7 


PHASE DETECTOR CHARGE PUMP 


*VMAX Not to exceed 8.0 Vdc. 
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MC4344 
MC4044 


PHASE-FREQUENCY 
DETECTOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
(TO-116) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
MC4044 only 


PIN ASSIGNMENT 


U1 
U2 
PD 
DF 
Amp In 


Output 





AMPLIFIER 


Output 
8 * 
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i 
4 


INPUT | INPUT | 
STATE 






TRUTH TABLE 









This is not strictly a functional 
truth table; i.e., it does not show all 
possible modes of operation. It is 
useful for dc testing. 


ELECTRICAL CHARACTERISTICS 














ooxx Cc 
xxxxIS 


ay 











9 Oo 

: see 16 o 
Phase- - ‘ 1. XX indicates output state unknown. 
Bc : 2. Ut and D1 outputs are sequential; 
Detecto i.e., they must be sequenced in 







C0O0=d0]-0-0 


o-ao 00j0000 


30 #4 et order shown. 
9 8 3. U2 and D2 outputs are combina- 
tional; i.e., they need only inputs 
Output shown to obtain outputs. 


Phase- 
Freq 
Detector 
#2 








TEST CURRENT/VOLTAGE VALUES 


Volts 
Temperature |! 


a es ee eee 
Hour ow [hn ue} ta fw vn reef vou ver [ect Mece| 
-55°C | 20] 
Mca3ea ) 425°C Pate [ie jabojamiont al se futuete eo fas tae | 









@ Test 













*rasec | 20/-1.6 | -1.0_ | — | 2 joa | 2.4] L — los frets (sofas oss] 
orc | 20}-16 | -1.0 | - | - Jooozjoa] 25) - [11] 20] 15 | 5.0 [475 |5.25 | 


mcaoas 9) +259C Pattee fiat ofomreel vo 33 bu otis footw [oa 
+7sec | 20}-1.6 | -1.0 | ~ | - Joooz]oa | 2.5] 


TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 


a 
= toto or opted 
















Input 
F orward Current 












Leakage Current 


















Output (Note 1) 
Output Voltage 


































































































Short Curcurt Current 
(Note 1) 











Leakage Current 
(Note 1) 


Diode Voltage 


ES TSE WE BD a 
eater tat tat tat 


Leakage Current 'OLK a i on 
5.0 5.0 |pAdc 
Le rer 


(Total Device) 
Power Supply Drarn * 
Note 1. The output state of Pin 2 or Pin 13 depends upon the sequence that has been applied to the R and V inputs as shown in the Truth 
Table. in testing output voltage, the outputs of the device are tested by sequencing through the indicated input states according to 
the Truth Table. Procedures identified by a double asterisk (**) are necessary to change the state of the sequential logic. When testing 
los and to_K on Pins 2 or 13, a single asterisk (*) indicates that the R and V inputs are sequenced per the Truth Table to input 
state 11 where the tests are performed. All input, power supply, and ground voltages must be maintained while sequencing and testing 
unless otherwise noted. 
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APPLICATION 


Operation of the MC4344/4044 is best explained by in- 
itially considering each section separately. If phase de- 
tector #1 is used, loop lockup occurs when both outputs 
U1 and D1 remain high. This occurs only when all the 
negative transitions on R, the reference input, and V, the 


variable or feedback input, coincide. The circuit responds 


only to transitions, hence phase error is independent of 
input waveform duty cycle or amplitude variation. Phase 


detector #1 consists of sequential logic circuitry, there- 


fore operation prior to lockup is determined by initial 
conditions. 

When operation is initiated, by either applying power 
to the circuit or active input signals to R and V, the cir- 
cuitry can be in one of several states. Given any particular 
starting conditions, the flow table of Figure 1 can be used 
to determine subsequent operation. The flow table in- 
dicates the status of U1 and D1 as the R and V inputs are 
varied. The numbers in the table which are in parentheses 
are arbitrarily assigned labels that correspond to stable 
states that can result for each input combination. The 
numbers without parentheses refer to unstable condi- 
tions. Input changes are traced by horizontal movement 
in the table; after each input change, circuit operation 
will settle in the numbered state indicated by moving 
horizontally to the appropriate R-V column. If the number 
at that location is not in parentheses, move vertically to 
the number of the same value that is in parentheses. For 
a given input pair, any one of three stable states can exist. 
As an example, if R = 1 and V = 0, the circuit will be in 
one of the stable states (4), (8), or (12). 


FIGURE 1 — PHASE DETECTOR #1 FLOW TABLE 






Phase- 
Freq 
Detector 










Use of the table in determining circuit operation is il- 
lustrated in Figure 2. In the timing diagram, the input to 
R is the reference frequency; the input to V is the same 
frequency but lags in phase. Stable state (4) is arbitrarily 
assumed as the initial condition. From the timing diagram 
and flow table, when the circuit is in stable state (4), 
outputs U1 and D1 are “0” an “1” respectively. The next 
input state is R-V = 1-1; moving horizontally from stable 
state (4) under R-V = 1-0 to the R-V = 1-1 column, state 
3 is indicated. However, this is an unstable condition and 
the circuit will assume the state indicated by moving ver- 
tically in the R-V = 1-1 column to stable state (3). In this 


FIGURE 2 — PHASE DETECTOR #1 TIMING DIAGRAM 


(a) R | | _J Ld L__J Uitoute oe 


(b) V 


|‘) (3) |r| (5) |is)| (7) 2) | (5) [sy] (7) [rar] ce [eer] «7 lia | (5) |(s)| (7) |2)| (5) [(8)| (7) |(2)| 


(c) U1 





(d) D1 ~~ 


(e) R j | |. | | | | | 


(f) V 


Jie] (79 fora} es) eer] 79 foray] [eer] «7 fer} fre] 7) fora] es» fre] (7 [aa we» [ter] > [aay 


(g) U1 


— 


(h) D1 | | | | | | | L _J 


(i) R | | | | | | L J L_J L_| LJ eee Le] LI L 


(7) (2) (5) (8) (2) (3) (8) (1) (3) (2) (5)... 


(1) D1 


(erorereenapee meneame reared ren sh SPS SSS cS srs esr ERs SS SACS 
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instance, outputs U1 and D1 remain unchanged. The in- 
put states next become R-V = 0-1; moving horizontally 
to the R-V = 0-1 column, stable state (2) is indicated. At 
this point there is still no change in U1 or D1. The next 
input change shifts operation to the R-V = 0-0 column 
where unstable state 5 is indicated. Moving vertically to 
stable state (5), the outputs now change state to U1-D1 
= 1-1. The next input change, R-V = 1-0, drives the cir- 
cuitry to stable state (8), with no change in U1 or D1. The 
next input, R-V = 1-1, leads to stable state (7) with no 
change in the outputs. The next two input state changes 
cause U1 to go low between the negative transitions of 
R and V. As the inputs continue to change, the circuitry 
moves repeatedly through stable states (2), (5), (8), (7), 
(2), etc., as shown, and a periodic waveform is obtained 
on the U1 terminal while D1 remains high. 

A similar result is obtained if V is leading with respect 
to R, except that the periodic waveform now appears on 
D1 as shown in rows e-h of the timing diagram of Figure 
2. In each case, the average value of the resulting 
waveform is proportional to the phase difference be- 
tween the two inputs. In a closed loop application, the 
error signal for controlling the VCO is derived by trans- 
lating and filtering these waveforms. 

The results obtained when R and V are separated by 
a fixed frequency difference are indicated in rows i-| of 
the timing system. For this case, the U1 output goes low 
when R goes low and stays in that state until a negative 
transition on V occurs. The resulting waveform is similar 


to the fixed phase difference case, but now the duty cycle 
of the U1 waveform varies at a rate proportional to the 
difference frequency of the two inputs, R and V. It is this 
characteristic that permits the MC4344/4044 to be used 
as a frequency discriminator; if the signal on R has been 
frequency modulated and if the loop bandwidth is se- 
lected to pass the deviation frequency but reject R and 
V, the resulting error voltage applied to the VCO will be 
the recovered modulation signal. 

Phase detector #2 consists only of combinatorial logic, 
therefore its characteristics can be determined from the 
simple truth table of Figure 3. Since circuit operation re- 
quires that both inputs to the charge pump either be high 
or have the same duty cycle when lock occurs, using this 
phase detector leads to a quadrature relationship be- 
tween R and V. This is illustrated in rows a—d of the timing 
diagram of Figure 3. Note that any deviation from a fifty 
percent duty cycle on the inputs would appear as phase 
error. 

Waveforms showing the operation of phase detector 
#2 when phase detector #1 is being used in a closed 
loop are indicated in rows e-j. When the main loop is 
locked, U2 remains high. If the loop drifts out of lock in 
either direction a negative pulse whose width ts propor- 
tional to the amount of drift appears on U2. This can be 
used to generate a simple loss-of-lock indicator. 

Operation of the charge pump is best explained by 
considering it in conjunction with the Darlington ampli- 
fier included in the package (see Figure 4). There will be 


FIGURE 3 — PHASE DETECTOR #2 OPERATION 





(e) R | | | | | 
(f) V | : _f Lf eee tee 
(g) U2 | | | | 


(h) R | | | | | | j 
(i) V | | | | | | | 
(j) U2 | | | | 
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a pulsed waveform on either PD or PU, depending on the 
phase-frequency relationship of R and V. The charge 


pump serves to invert one of the input waveforms (D1). 


and translates the voltage levels before they are applied 
to the.loop filter. When PD is low and PU is high, Q1 will 
be conducting in the normal direction and Q2 will be off. 
Current will be flowing through Q3 and CR2; the base of 
Q3 will be two Vege drops above ground or approximately 
1.5 volts. Since both of the resistors connected to the 
base of Q3 are equal, the emitter of Q4 (base of O5) will 
be approximately 3.0 volts. For this condition, the emitter 
of Q5 (DF) will be on Vege below this voltage, or about 


2.25 volts. The PU input to the charge pump is high | 


(> 2.4 volts) and CR1 will be reverse biased. Therefore 

05 will be supplying current to Q6. This will tend to lower 

the voltage at the collector of Q7, resulting in an error 

signal that lowers the VCO tequency as requires by a 
“pump down” signal. 


FIGURE 4 — CHARGE PUMP OPERATION 





When PU is low and PD is high, CR1 is forward biased 
and UF will be approximately one Vege above ground 
(neglecting the VcE(sat) of the driving gate). With PD 
high, Q1 conducts in the reverse direction, supplying 
base current for Q2. While Q2 is conducting, 04 is pre- 
vented from supplying base drive to Q5; with Q5 cut off 
and UF lowthere is no base current for Q6 and the voltage 
at the collector of Q7 moves up, resulting in an increase 
in the VCO operating frequency as required By a “pump 
up” signal. 

If both inputs to the Sarge pump are high (zero phase 
difference), both CR1 and the base-emitter junction of Q5 
are reverse biased and there is no tendency for the error 
voltage to change. The output of the charge pump varies 
between one Vpe and three Vpg as the phase difference 
of R and V varies from minus 27 to plus 27. If this signal 
is filtered to remove the high-frequency components, the 
phase detector transfer function, Kg, of approximately 
0.12 volt/radian is obtained (see Figure 5). 

The specified gain constant of 0.12 volt/radian may not 
be obtained if the amplifier/filter combination is improp- 
erly designed. As indicated previously, the charge pump 
delivers pump commands of about 2.25 volts on the pos- 
itive swings and 0.75 voit on the negative swings for a 
mean no-pump value of 1.5 volts. If the filter amplifier is 
biased to threshold “on” at 1.5 volts, then the pump up 


and down voitages have equal effects. The pump signals 
are established by Vpes of transistors with milliamperes 
of current flowing. On the other hand, the transistors 
included for use as a filter amplifier will have very small 
currents flowing and will have correspondingly lower 
VBeEs — on the order of 0.6 volt each for a threshold of 
1.2 volts. Any displacement of tthe threshold from 1.5 
volts causes an increase in gain in one direction and a 
reduction in the other. The transistor configuration pro- 
vided is hence not optimum but does allow for the use 
of an additional transistor to improve filter response. This 
addition also results in a non-symmetrical response since 
the threshold is now approximately 1.8 volts. The effec- 
tive positive swing is limited to 0.45 volt while the neg- 
ative swing below threshold can be greater than 1.0 volt. 
This means that the loop gain when changing from a 
high frequency to a lower frequency is less than when 
changing in the opposite direction. For type two loops 
this tends to increase overshoot when going from low 
to high and increases damping in the other direction. 
These problems and the selection of external filter com- 
ponents are intimately related to system requirements 
and are discussed in detail in the filter design section. 


FIGURE 5 — PHASE DETECTOR TEST 
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PHASE-LOCKED LOOP COMPONENTS 
General 


A basic phase-locked loop, when operating properly, 
will acquire (“lock on’’) an input signal, track it in fre- 
quency, and exhibit a fixed phase relationship relative to 
the input. In this basic loop, the output frequency will be 
identical to the input frequency (Figure 6). A fundamental 
loop consists of a phase detector, amplifier/filter, and 
voltage-controlled oscillator (Figure 7). It appears and 
acts like a unity gain feedback loop. The controlled var- 
iable is phase; any error between fj, and fout is amplified 
and applied to the VCO in a corrective direction. 


FIGURE 6 — BASIC PHASE-LOCKED LOOP 
FREQUENCY RELATIONSHIP 
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FIGURE 7 — FUNDAMENTAL PHASE-LOCKED LOOP 
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Simple phase detectors in digital phase-locked loops 
usually put out a series of pulses. The average value of 
these pulses is the “gain constant,” Kg, of the phase 
detector — the volts out for a given phase difference, 
expressed as volts/radian. 

The VCO is designed so that its output frequency range 
is equal to or greater than the required output frequency 
range of the system. The ratio of change in output fre- 
quency to input control voltage is called ‘gain constant,” 
Ko. If the slope of foyt to Vin is not linear (i.e., changes 
greater than 25%) over the expected frequency range, the 
curve should be piece-wise approximated and the ap- 
propriate constant applied for “best’’ and ‘‘worst’”’ case 
analysis of loop performance. 

System dynamics when in lock are determined by the 
amplifier/filter block. Its gain determines how much 
phase error exists between fj, and foyt, and filter char- 
acteristics shape the capture range and transient perfor- 
mance. This will be discussed in detail later. 


Loop Filter 


Fundamental loop characteristics such as capture range, 
loop bandwidth, capture time, and transient response are 
controlled primarily by the loop filter. The loop behavior 
is described by gains in each component block of Figure 
8. The output to input ratio reflects a second order low 
pass filter in frequency response with a static gain of N: 





89 (s) a KgKrKy (1) 
6;(s) 7 KgKrKy 
N 


out 


1+ 14s 


Tos (2) 


where: Kp = 


T1 = RoC and Toa = R4C of Figure 4. Therefore, 
Oo(s) _ N(1 + T4s) 

G(s) s*NT2 

KgKy 


(3) 





+ 148 + 1 


FIGURE 8 — GAIN CONSTANTS 





Ko = Phase Detector Gain (volts/radian) 
Ke = Amplifier/Filter Gain 
Ky = VCO Gain (radians/second/volt) 

N = Integer Divisor 


Both wp, (loop bandwidth or natural frequency) and ¢ 
(damping factor) are particularly important in the tran- 
sient response to a step input of phase or frequency (Fig- 
ure 9), and are defined as: 


_ /[KeKy 
on NT> (4) 
_ [Kekv( Th 
C= NT9 (3) (5) 


Using these terms in Equation 3, 


Gols) _ _N(1 + T4s)__ 





6;(s) s2 , 2s ace o 
one On 


In a well defined system controlling factors such as 
® , and ¢ may be chosen either from a transient basis 
(time domain response) or steady state frequency plot 
(roll-off point and peaking versus frequency). Once these 
two design goals are defined, synthesis of the filter is 
relatively straight-forward. 

Constants Kg, Ky, and N are usually fixed due to other 
design constraints, leaving T1 and T9 as variables to set 
Wp and ¢. Since only Tz appears in Equation 4, it is the 
easiest to solve for initially. 


T2 = Roky (7) 
NoyZ 


From Equation 5, we find 


Tos 


Wn 


(8) 
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Using relationships 7 and 8, actual resistor values may 
be computed: 


__ KdKy 
RI = Nope a 
- 2% |. , 


Although fundamentally the range of Ry and Ro may 
be from several hundred to several thousand ohms, 
sideband considerations usually force the value of Ry to 
be set first, and then Rg and C computed. 


_ Keky_ (11) 
NwnZRy | 


Calculation of passive components Rg and C (in syn- 
thesizers) is complicated by incomplete information on 
N, which is variable, and the limits of w, and ¢ during 
that variance. Equally important are changes in Ky over 
the output frequency range. Minimum and maximum 
values of wy, and ¢ can be computed from Equations 4 
and 5 when the appropriate worst case numbers are 
known for all the factors. | 

Amplifier/filter gain usually determines how much 
phase error exists between fj, and foyt, and the filter 
characteristic shapes capture range and transient per- 
formance. A relatively simple, low gain amplifier may 
usually be used in the loop since many designs are not 
constrained so much by phase error as by the need to 
make fj, equal foyt. Unnecessarily high gains can cause 


problems in linear loops when the system is out of.lock 
if the amplifier output swing is not adequately restricted 
since integrating operational amplifier circuits will latch 
up in time and effectively open the loop. | 

The internal amplifier included in the MC4344/4044 
may be used effectively if its limits are observed. The 
circuit configuration shown in Figure 10 illustrates the 
placement of Rj, Rz, C, and load resistor Ry (1 kM). Due 
to the non-infinite gain of this stage (Ay ~ 30) and other 
non-ideal characteristics, some restraint must be placed 
on passive component selection. Foremost is a lower 
limit on the value of Ro and an upper limit on R41. Placed 
in order of priority, the recommendations are as follows: 
(a) R2 > 50 Q, (b) R1/R2 < 10, (c) 1 kQ < R1 < 5 kO. 


FIGURE 10 — USING MC4344/4044 LOOP AMPLIFIER 
+5.0 V 





Limit (c) is the most flexible and may be violated with 
either higher sidebands and phase error (Ry > 5 k) or 
lower phase detector gain (Ry < 1 k{). If limit (b) is ex- 
ceeded, loop bandwidth will be less than computed and 
may not have any similarity to the prediction. For an 
accurate reproduction of calculated loop characteristics 
one should go to an operational amplifier which has suf- 
ficient gain to make limit (b) readily satisfied. Limit (a) is 
very important because T, in Equation 5 is in reality com- 
posed of three elements: — 


™1=C (Re : | (12) 
Im 
where gm = transconductance of the common emitter 
amplifier. . 

Normally gm is large and T; nearly equals R9C, but 
resistance values below 50 © can force the phase-com- 
pensating “zero” to infinity or worse (into the right half 
plane) and give an unstable system. The problem can be 
circumvented to a large degree by buffering the feedback 
with an emitter follower (Figure 11). Inequality (a) may 
then be reduced by at least an order of magnitude (Ro 
> 5 2) keeping in mind that electrolytic capacitors used 


FIGURE 11 — AMPLIFIER CAPABLE OF HANDLING 
LOWER R2 


+5.0 V. 
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as C may approach this value by themselves at the fre- 
quency of interest (w,). 

Larger values of Ry may be accommodated by either 
using an operational amplifier with a low bias current 
(Ib < 1.0 pA) as shown in Figure 12 or by buffering the 
internal Darlington pair with an FET (Figure 13). It is vitally 
important, however, that the added device be operated 
at zero VGs. Source resistor Rq should be adjusted for 
this condition (which amounts to Ipss current for the 
FET). This insures that the overall amplifier input thresh- 
old remains at the proper potential of approximately two 
base-emitter drops. Use of an additional emitter follower 
instead of the FET and Rg (Figure 14) gives a threshold 
near the upper limit of the phase detector charge pump, 
resulting in an extremely unsymmetrical phase detector 
gain in the pump up versus pump down mode. It is not 
unusual to note a 5:1 difference in Kg for circuits having 
the bipolar buffer stage. If the initial design can withstand 
this variation in loop gain and remain stable, the ap- 
proach should be considered since there are no critical 
adjustments as in the FET circuit. 


FIGURE 12 — USING AN OPERATIONAL AMPLIFIER 
TO EXTEND THE VALUE OF R1 


R2 © 
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FIGURE 13 — FET BUFFERING TO RAISE AMPLIFIER 
INPUT IMPEDANCE 


+5.0 V 





FIGURE 14 — EMITTER FOLLOWER BUFFERING OF 
AMPLIFIER INPUT 


+5.0 V 
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DESIGN PROBLEMS AND THEIR SOLUTIONS 


Dynamic Range 


A source of trouble for all phase-locked loops, as well 
as most electronics is simply overload or lack of sufficient 
dynamic range. One limit is the amplifier output drive to 
the VCO. Not only must a designer note the outside limits 
of the dc control voltage necessary to give the output 
frequency range, he must also account for the worst case 
of overshoot expected for the system. Relatively large 
damping factors (¢ 0.5) can contribute significant 
amounts of overshoot (30%). To be prepared for the worst 
case output swing the amplifier should have as much 
margin to positive and negative limits as the expected 
swing itself. That is, if a two-volt swing is sufficient to 
give the desired output frequency excursion, there should 
be at least a two-volt cushion above and below maximum 
expected steady-state values on the control line. 

This increase in range, in order to be effective, must 
of course by followed by an equivalent range in the VCO 
or there is little to be gained. Any loss in loop gain will 
in general cause a decrease in ¢ and a consequent in- 
crease in overshoot and ringing. If the loss in gain is 
caused by saturation or near saturation conditions, the 
problem tends to accelerate towards a situation where 
the system settles in not only a slow but oscillator manner 
as well. 

Loss of amplifier gain may not be due entirely to nor- 
mal system damping considerations. In loops employing 
digital phase detectors, an additional problem is likely to 
appear. This is due to amplifier saturation during a step 
input when there is a maximum phase detector output 
simultaneous with a large transient overshoot. The phase 
detector square wave rides on top of the normal transient 
and may even exceed the amplifier output limits imposed 
above. Since the input frequency will exceed the RoC 
time constant, gain Kf for these annoying pulses will be 
R9/Ry. Ordinarily this ratio will be less than 1, but some 
circumstances dictate a low loop gain commensurate 
with a fairly high wy. For these cases, Ro/Ry may be 
higher than 10 and cause pulse-wise saturation of the 
amplifier. Since the dc contro! voltage is an average of 
phase detector pulses, clipping can be translated into a 
reduction in gain with all the “benefits” already outlined, 
i.e., poor settling time. An easy remedy to apply in many 
cases is a simple RC low pass section preceding or to- 
gether with the integrator-lag section. To make transient 
suppression independent of amplifier response, the net- 
work may be imbedded within the input resistor R4 (Fig- 
ure 15) or be implemented by placing a feedback capac- 
itor across Ro (Figure 16). Besides rounding off and 
inhibiting pulses, these networks add an additional pole 
to the loop and may cause further overshoot if the cutoff 
frequency (w,) is too close to wp. If at all possible the 
cutoff point should be five to ten times wy. How far we 
can be placed from wp, depends on the input frequency 
relationship to wp since fip is, after all, what is being 
filtered. A side benefit of this simple RC pulse ‘‘flattener’”’ 
is a reduction in fj, sidebands around foys for synthe- 
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sizers with N > 1. However, a series of RC filters is not. 


recommended for either extended pulse suppression or 
sideband improvement as excess phase will begin to 
build up at the loop crossover (~ w,) and tend to cause 
instability. This will be discussed in more detail later. 


FIGURE 15 — IMPROVED TRANSIENT SUPPRESSION 
7 WITH R1 — Cg : 





FIGURE 16 — IMPROVED TRANSIENT SUPPRESSION 
WITH R2 — C, 


Cec 





Spurious Outputs 


Although the major problem in phase-locked loop de- 
sign is defining loop gain and phase margin under dy- 
namic operating conditions, high-quality synthesizer de- 
signs also require special consideration to minimize 
spurious spectral components — the worst of which is 
reference-frequency sidebands. Requirements for good 
sideband suppression often conflict with other perfor- 
mance goals — loop dynamic behavior, suppression of 
VCO noise, or suppression of other in-loop noise. As a 
result, most synthesizer designs require compromised 
specifications. For a given set of components and loop 
dynamic conditions, reference sidebands should be pre- 
dicted and checked against design specifications before 
any hardware is built. 

Any steady-state signal on the VCO control will produce 
sidebands in accordance with normal FM theory. For 
small spurious deviations on the VCO, relative sideband- 
to-carrier levels can be predicted by: 


sidebands _ VrefKy (13) 

carrier = 2wref 

where Vref = peak voltage value of spurious frequency 
at the VCO input. 

Unwanted control line modulation can come from a 

variety of sources, but the most likely cause is phase 

detector pulse components feeding through the loop fil- 


ter. Although the filter does establish loop dynamic con- 
ditions, it leaves something to be desired as a low pass 
section for reference frequency components. 

For the usual case where wre¢ is higher than 1/T9, the 
Kg function amounts to a simple resistor ratio: 


Ke(jo) = — (14) 


© = Wref 


By substitution of Equations 9 and 10, this signal transfer 
can be reijated to loop parameters. 


; = 20Nwp a Vref 
Ke(jo) | = Kaky Vé (15) 


WO = Wref 


where Vref = _ peak value of reference voltage at 
the VCO input, and 
peak value of reference frequency 


voltage at the phase detector output. 


V6 = 


Sideband levels relative to reference voltage at the 
phase detector output can be computed by combining 
Equations 13 and 15: 


sideband level _ ,, ( (Nw a6) 


From Equation 16 we find that for a given phase de- 
tector, a given value of Ry (which determines Vg), and 
given basic system constraints (N, fref), only ¢ and wn 
remain as variables to diminish the sidebands. If there 
are few limits ON wp, it may be lowered indefinitely until 
the desired degree of suppression is obtained. If wy is 
not arbitrary and the sidebands are still objectionable, 
additional filtering is indicated. 

One item worthy of note is the absence of Ky in Equa- 
tion 16. From Equation 15 it might be concluded that 
decreasing Ky would be another means for reducing spu- 
rious sidebands, but for constant values of ¢ and wry this 
is not a free variable. In a given loop, varying Ky will 
certainly affect sideband voltage, but will also vary ¢ and 
On: 

On the other hand, the choice of w, may well affect 
spectral purity near the carrier, although reference 
sideband levels may be quite acceptable. 

In computing sideband levels, the value of Vg must be 
determined in relation to other loop components. Resid- 
ual reference frequency components at the phase detec- 
tor output are related to the dc error voltage necessary 
to supply charge pump leakage current and amplifier bias 
current. From these average voltage figures, spectral 
components of the reference frequency and its harmon- 
ics can be computed using an approximation that the 
phase detector output consists of square waves 7 seconds 
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wide repeated at t second intervals (Figure 17). A Fourier 
analysis can be summarized for small ratios of 7/t by: 


(1) the average voltage (Vavg) is A(z/t) 

(2) the peak reference voltage value (Vg) is twice Vayg, 
and . 

(3) the second harmonic (2f,-e¢) is roughly equal in am- 
plitude to the fundamental. 


By knowing the requirements for (1) due to amplifier 
bias and leakage currents, values for (2) and (3) are 
uniquely determined. 


FIGURE 17 — PHASE DETECTOR OUTPUT 


An example of this sideband approximation technique 
can be illustrated using the parameters specified for the 
synthesizer design included in the applications infor- 
mation section. 


Nmax = 30 On = 4500 rad/s 
Ky = 11.2 x 106 rad/s/V Ry = 2ko 
Kg = 0.12 V/rad fref = 100 kHz 


¢=08 
Substituting these numbers into Equation 16: 


sideband __,,_(0.8)(30)(4500) 
27(10°)(0.111) 


= Vg (1.55) 


= (17) 


fout 
(18) 


The result illustrates how much reference feedthrough 
will affect sideband levels. If 1.0 mV peak of reference 
appears at the output of the phase detector, the nearest 
sideband will be down 56.2 dB. 

If the amplifier section included in the MC4344/4044 is 
used, with Ry = 1k0Q, some approximations of the value 
of Vg can be made based on the input bias current and 
the value of Rj. The phase detector must provide suffi- 
cient average voltage to supply the amplifier bias current, 
Ip, through R47; when the bias current is about 5.0 pA and 
Rz is 2 kQ, Vayq must be 10 mV. From the assumptions 
earlier concerning the Fourier transform, and with the 
help of Figure 18, we can see that the phase detector duty 
cycle will be about 1.7% (A = 0.6 V), giving a fundamental 
(reference) of 20 mV peak. If this value for Vg is substi- 
tuted into Equation 18, the resulting sideband ratio rep- 
resents 30 dB suppression due to this component alone. 

In addition to the amplifier bias current, another factor 
to consider is transistor Q5 reverse leakage current I, 
flowing into pin 10 of the MC4344/4044 charge pump. I. 
is generally less than 1.0 pA and is no more than 5.0 pA 
over the temperature range. A typical design value for 
25°C is 0.1 pA. Both IL and amplifier bias current |p are 
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in a direction to deplenish the charge on filter capacitor 
C. Asecond charge pump leakage, I,’, attributed by diode 
CR1 flows out of pin 5. This current, however, is in a 
direction to help supply Ip and |; and thus tends to min- 
imize the discharge of C. Typically |,’ is much less than 
i and, since it is also in a direction to minimize discharge 
of the filter capacitor, it will be ignored in the following 
discussion. The total charge removed from C must be 
replaced by current supplied by the charge pump during 
the next up-date opportunity. This current flows through 
R1. To minimize the effects of Ig and |, a relative small 
value of R1 should be chosen. A minimum value of 1 kQO 
is a good choice. 


FIGURE 18 — OUTPUT ERROR 
CHARACTERISTICS 


DUTY | PHASE 

CYCLE] ERROR | Vavg | Vgi(peak) 
(%) (Deg) (mV) (mV) 
0.1 0.6 1.2 
0.2 1.2 2.4 
0.3 1.8 3.6 


0.36 
0.72 





1.44 


After values for C and Rg have been computed on the 
basis of loop dynamic properties, the overall sideband 
to fout ratio computation can be simplified. 


Since 
Vg =2Va R 
Vanatle e108 See I (F2) 


Vo = 2 (Ip + IL) Ry 


R 
Vref = Vo (#2) 


2R2 (Ib + IL) 


we find that 
sideband _ VrefKy (19) 
fout 2Wref 
sideband _ 2Rallb + IL)Ky (20) 


fout 2wref 

Equation 20 indicates that excellent suppression could 
be achieved if the bias and leakage terms were nulled by 
current summing at the amplifier input (Figure 19). This 
has indeed proved to be the case. Experimental results 
indicate that greater than 60 dB rejection can routinely 











be achieved at a constant temperature. However when 
nulling fairly large values (> 100 nA), the rejection be- 
comes quite sensitive since leakages are inherently a 
function of temperature. This technique has proved use- 
ful in achieving improved system performance when 
used in conjunction with good circuit practice and ref- 
erence filtering. | | 


~ FIGURE 19 — COMPENSATING FOR BIAS AND — 
"LEAKAGE CURRENT 
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Additional Loop Filtering 


So far, only the effects of fundamental loop dynamics 
on resultant sidebands have been considered. If further 
sideband suppression is required, additional loop filter- 
ing is indicated. However, care must be taken in place- 
ment of any low pass rolloff with regard to the loop nat- 
ural frequency (w,). On one hand, the “corner” should 
be well below. (lower than) w;ef.and yet far removed 
(above) from wp. Although no easy method for placing 
the roll-off point exists, a rule of thumb that usually works 
is: @ = 5p — (21) 


Reference frequency suppression per pole is the ratio 

of we tO wref- 
Ft 
SBgp = n 20 logig | —— (22) 
ref 
where n is the number of poles in the filter. 
- Equation 22 gives the additional loop suppression to 
Wref; this number should be added to whatever suppres- 
sion already exists. . 

For non-critical applications, simple RC networks may 
suffice, but if more than one section is required, loop 
dynamics undergo undesirable changes. Loop damping 
factor decreases, resulting in a high percentage of 
overshoot and increased ringing since passive RC sec- 
tions tend to accumulate phase shift more rapidly than 
signal suppression and part of this excess phase sub- 
tracts from the loop phase margin. Less phase margin 
translates into a lower damping factor and can, in the 
limit, cause outright oscillation. 

Asuitable alternative is an active RC section, Figure 20, 
compatible with the existing levels and voltages. An ac- 
tive two pole filter (second order section) can realize a 
more gradual phase shift at frequencies less than the 
cutoff point and still get nearly equal suppression at fre- 
quencies above the cutoff point. Sections designed with 
a slight amount of peaking (¢ = 0.5). show a good com- 
promise between excess phase below cutoff (w_), without 
peaking enough to cause any danger of raising the loop 
gain for frequencies above wp. A fairly non-critical section 
may simply use an emitter follower as the active device 
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with two resistors and capacitors completing the circuit 
(Figure 21). This provides a — 12 dB/octave (— 40 dB/dec- 
ade) rolloff characteristic above w,, though the atten- 
‘uation may be more accurately determined by Equation 
22. If the sideband problem persists,-an additional section 
may be added in series with the first. No more than two 
sections are recommended since at that time either (1) 
the constraint between wy and wre¢ is too close, or (2) 
reference voltage is modulating the VCO from a source 
other than the phase detector through the loop amplifier. 


FIGURE 20 — OPERATIONAL AMPLIFIER LOW PASS FILTER 


+5.0 to+15 V 





-5.0 to -15 V 


1. Choose R 
1kQ<<R<1MND 


_ 08 
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FIGURE 21 — EMITTER FOLLOWER LOW PASS FILTER 


Vec 





NOTE: If Vo = Vcc — 1.0 V, 
this stage is susceptible to power 
supply noise. 


Operation without charge pump phase detector #1 of 
the MC4344/4044 can be implemented quite successfully 
in many applications without using the charge pump and 
internal darlington amplifier approach. An operational 
amplifier filter can be used to process the error infor- 
mation appearing at U1 and .D1 (pins 13 and 2) directly 
(Figure 22).This phase detector/filter approach offers a 
potentially superior performing system because: 

a. Charge pump delay time is eliminated. 

b. Charge pump input signed threshold level need not 

_ be overcome before error information is obtained. 
-This can result in a substantial improvement in the 


FIGURE 22—TYPICAL FILTER AND SUMMING NETWORK 
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4044's transfer function linearity in the vicinity of 
zero phase error between the R and V inputs. 

c. The filter amplifier ground location can be separated 
from the phase detector ground. 

d. An “optimum” filter amplifier input threshold of 
approximately two diode drops need not be 
established. 

The filter discussions and relationships developed for 
integrator-log filter sections can be applied to the system 
of Figure 22 and the previously derived equations can be 
used to determine values for R1, R2 and C. 

It may be desirable to split each of the R1 resistors and 
incorporate a capacitor to ground in a manner similar to 
that shown in Figure 15. This should improve transient 
suppression and provide integration of the U1 and D1 
signals to better enable the operational amplifier to de- 
velop corrective error information from very narrow U1 
and D1 pulse widths. 

Phase error for the circuit in Figure 22 will result from 
input offset voltage in the operational amplifier, resistor 
mismatch and mismatch between the phase detector 
output states appearing at U1 and D1. Phase error can 
be trimmed to zero initially by adjusting either the am- 
plifier input offset or one of the R1 resistors. 


VCO Noise 


Effects of noise within the VCO itself can be evaluated 
by considering a closed loop situation with an external 
noise source, ep, introduced at the VCO(Figure 23). Re- 
sultant modulation of the VCO by error voltage, «, is a 
second order high pass function: 
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FIGURE 23 — EFFECTS OF VCO NOISE 
Output 
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FIGURE 24 — LOOP RESPONSE TO VCO NOISE 
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Other Spurious Responses 


Spurious components appearing in the output spec- 
trum are seldom due to reference frequency feedthrough 
alone. Modulation of any kind appearing on the VCO con- 
trol line will cause spurious sidebands and can come in 
through the loop amplifier supply, bias circuitry in the 
control path, a translator, or even the VCO supply itself. 
Some VCOs have a relatively high sensitivity to power 
supply variation. This should be investigated and its ef- 
fects considered. Problems of this nature can be mini- 
mized by operating all devices except the phase detector, 
charge pump, and VCO from a separate and well isolated 
supply. Acommon method uses a master supply of about 
10 or 12 volts and two regulators to produce voltages for 
the PLL — one for all the logic (including the phase de- 
tector) and the other for all circuitry associated with the 
VCO control line. 

Sideband and noise performance is also a function of 
good power supply and regulator layout. As mentioned 
earlier, extreme care should be exercised in isolating the 
control line voltage to the VCO from influences other than 
the phase detector. This not only means good voltage 
regulation but ac bypassing and adherence to good 
grounding techniques as well. Figure 25shows two sep- 
arate regulators and their respective loads. Resistor Rs 
is a small stray resistance due to a common thin ground 
return for both R,4 and Ry2. Any noise in Ri? is now 
reproduced (in a suppressed form) across R; 4. Load cur- 
rent from Ri 7 does not affect the voltage across Rj 9. 
Even though the regulators may be quite good, they can 
hold Vo constant only across their outputs, not neces- 
sarily across the load (unless remote sensing is used). 


FIGURE 25 — LOOP VOLTAGE REGULATION 
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This function has a slope of 12 dB/octave at frequencies Return © 


less than w, (loop natural frequency), as shown in Figure 
24. This means that noise components in the VCO above 
@y will pass unattenuated and those below will have 

some degree of suppression. Therefore choice of loop 

natural frequency may well rest on VCO noise quality. 
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One solution to the ground-coupled noise problem is to 
lay out the return path with the most sensitive regulated 
circuit at the farthest point from power SUPPLY entry as 
shown in Figure 26. 


Even for regulated subcircuits, accumulated noise on 
the ground bus can pose major problems since although 
the cross currents do not produce a differential load volt- 
age directly, they do produce essentially common mode 
noise on the regulators. Output differential load noise 
then is a function of the input regulation specification. By 
far the best way to sidestep the problem is to connect 
each subcircuit ground to the power supply entry return 
line as shown in Figure 27. 


FIGURE 26 — REGULATOR LAYOUT 
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FIGURE 27 — REGULATOR GROUND CONNECTION 
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In Figures 25 and 27, Ri 7 and Ri. 2 represent component 
groups in the system. The designer must insure that all 
ground return leads in a specific component group are 
returned to the common ground. Probably the most 
overlooked components are bypass capacitors. To min- 
imize sidebands, extreme caution must be taken in the 
area immediately following the phase detector and 


through the VCO. A partial schematic of a typical loop» 


amplifier and filter is shown inFigure 28 to illustrate the 
common grounding technique. 


Bypassing in a phase-locked loop must be effective at 
both high frequencies and low frequencies. One capacitor 
in the 1.0-to-10 wF range and another between 0.01 and 
0.001 «wF are usually adequate. These can be effectively 
utilized both at the immediate circuitry (between supply 
and common ground) and the regulator if it is some dis- 
tance away. When used at the regulator, a single elec- 
trolytic capacitor on the output and a capacitor pair at 
the input is most effective (Figure 29). It is important, 
again, to note that these bypasses go from the input/ 
Output pins to as near the regulator ground pin as 
possible. 


FIGURE 29 — SUGGESTED BYPASSING PROCEDURE 
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APPLICATIONS INFORMATION 
Frequency Synthesizers 


The basic PLL discussed earlier is actually a special 
case of frequency synthesis. In that instance, foyt = fin, 
although normally a programmable counter in the feed- 
back loop insures the general rule that fou: = Nfin (Figure 
30). In the synthesizer fj, is usually constant (crystal con- 
trolled) and fo ,¢ is changed by varying the programmable 
divider (+ N). By stepping N in integer increments, the 
output frequency is changed by fj, per increment. In com- 


FIGURE 30 — PHASE-LOCKED LOOP WITH 
PROGRAMMABLE COUNTER 
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FIGURE 28 — PARTIAL SCHEMATIC OF LOOP 
AMPLIFIER AND FILTER 
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munication use, this input frequency is called the ‘‘chan- 
nel spacing” or, in general, it is the reference frequency. 

There is essentially no difference in loop dynamic prob- 
lems between the basic PLL and synthesizers except that 
synthesizer designers must contend with problems pe- 
culiar to loops where N is variable and greater than 1. 
Also, sidebands or spectral purity usually require special 
attention. These and other aspects are discussed in 
greater detail in AN-535. The steps for a suitable synthesis 
procedure may be summarized as follows: 


Synthesis Procedure 


1. Choose input frequency. (f-ef = channel spacing) 
2. Compute the range of digital division: 





f 
Nmax = ae 
a 
Nmin = fun 
re 


. Compute needed VCO range: 
(2fmax — fmin) < fvco < (2fmin — fmax) 
. Choose minimum ¢ from transient response plot, 


Figure 9. A good starting point is ¢ = 0.5. 
. Choose wp, from needed response time (Figure 9): 


. Compute C: 


_ __Kgky 


eS 2 
Nmaxn*R4 


. Compute Ro: 


On 


. Compute Cmax: 





N 
Cmax = imin | Max 


Nmin 


. Check transient response of Cmax for compatibility 
with transient specification. 


10. Compute expected sidebands: 


sideband _ (lbp + IL)RaKy 
fout ref 
(I is about 100 nA at Ty = 25°C.) 


(A) 


11. If step 10 yields larger sidebands than are accept- 
able, add a single pole at the loop amplifier by 


splitting Ry and adding C, as shown in Figure 15: 


x 0.8 
7 Rin 





Cc 
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Added sideband suppression (dB) is: 


dB = 20 logig (B) 


1 
® 2 
1 = Ore. 
i 25(w,,)2 
12. If step 11 still does not give the desired results, add 
a second order section at wp = 5 wp using either 
the configuration of Figure 20 or 21. The expected 
improvement is twice that of the single pole in step 
11. 
dB = 40 log;g (C) 
ref 
25(w,,)2 


Total sideband rejection is then the total of 20 log79(A) 
+ (B) + (C). 


Design Example (Figure 31) 


Assume the following requirements: 
Output frequency, foyt = 2.0 MHz to 3.0 MHz 
Frequency steps, fj, = 100 kHz 
Lockup time between channels (to 5%) = 1.0 ms 
Overshoot < 20%. 
Minimum sideband suppression 


— 30 dB 


From the steps of the synthesis procedure: 
1. fref = fin = 100 kHz 


2.N = fmax be 3.0 MHz 
max fref «0.1 MHz 
fri 2.0 MHz 
Nmin = min = 0.1 MHz = 20 
ref 0.1 Zz 
3. VCO range: 


The VCO output frequency range should extend 
beyond the specified minimum-maximum limits to 
accommodate the overshoot specification. In this 
instance foyt should be able to cover an additional 
20% on either end. End limits on the VCO are: 


foutmax > 3.0 + 0.2(1.0) = 3.2 MHz 


This VCO range (~ 1.8:1) is realizable with the 
MC4324/4024 voltage controlled multivibrator. 
From Figure 5 of the MC4324/4024 data sheet we 
find the required tuning capacitor value to be 120 
pF and the VCO gain, Ky, typically 11 x 108 rad/s/v. 

. From the step response curve of Figure 9,¢ = 0.8 
will produce a peak overshoot less than 20%. 

. Referring to Figure 9, overshoot with ¢ = 0.8 will 
settle to within 5% at wjt = 4.5. Since the required 
lock-up time is 1:0 ms, 
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6. In order to compute C, phase detector gain and R1 
must be selected. Phase detector gain, Kg, for the 
MC4344/4044 is approximately 0.1 volt/radian with 
Ry = 1k. Therefore, 


(0.1)(11 x 108) 


= = 1.8 
(304.5 x 103)2(103) 
7. At this point, Ro can be computed: 
Ro = Zemin. ES 8 og 


wnC = (4.5 x 103)(1.8 x 10-5) 








8. Umax = Smin | sax = 0.98 
min 
9. Figure 9 shows that ¢ = 0.98 will meet the settling 
time requirement. 

10. Sidebands may be computed for two cases: (1) with 
I. (charge pump leakage current) nominal (100 nA), 
and (2) with I, maximum (5.0 A). A value of 5A 
will also be assumed for the amplifier bias current, 





ip: 
10 x 10-6)(200)(11 x 106 
sideband; _ 0 TO eon} x 10") = 35 x 10-3 
fout |max 6.28 x 10 
The sideband-to-center frequency ratio nominally 
will be: 
ideband 5.1 
—— = — x 35 x 10-3 
out |Inom 10 





= 20 10g19(17.85 x 10-3) = -35 dB 


11. 


12. 


If desired additional sideband filtering can be ob- 
tained as noted in steps 11 and 12. 


By splitting Ry and C,, further attenuation can be 
gained. The magnitude of C, is approximately: 


Co = a = = 0.18 


Improvement in sidebands will be: 


20 ee = —28dB 
(2% x 10°) 
ie SS 
25(4.5 x 103)2 


Nominal suppression is now — 63 dB. Worst-case is 
6 dB higher than nominal suppression of — 57 dB. 
This is well within the — 30 dB design requirement, 
step 12 is included for completeness only. 


Attenuation of a second order filter is double that 
of the single order filter section described in step11. 
The calculations for a second order filter indicate an 
additional — 56 dB of sideband rejection. Figures 20 
and 21 show two second order filter configurations. 
If R is assigned a value of 10 kN then C may be 
calculated. 


C = —— = ———_.——_ = 0.0022 pF 
wyR (4.5 x 103)(104) m 


FIGURE 31 — CIRCUIT DIAGRAM OF TYPE 2 
PHASE-LOCKED LOOP 
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Clock Recovery from Phase-Encoded Data 


The electro-mechanical system used for recording dig- 
ital data on magnetic tape often introduces random var- 
iations in tape speed and data spacing. Because of this 
and the encoding technique used, it is usually necessary 
to regenerate a synchronized clock from the data during 
this read cycle. One method for doing this is to phase- 
lock a voltage controlled multivibrator to the data as it 
is read (Figure 32). 

A typicai data biock using the phase encoded format 
is shown in row 1 of Figure 33.The standard format calls 
for recording a preamble of forty ‘‘0’’s followed by a sin- 
gle 1"; this is followed by from 18 to 2048 characters 
of data and a postamble consisting of a “1” followed by 
forty “’0’’s. The encoding format records a “0” as a tran- 
sition from low to high in the middle of a data cell. A 
“4" is indicated by a transition from high to low at the 
data cell midpoint. When required, phase transitions oc- 
cur at the end of data cells. If a string of either consecutive 
“0’'s or consecutive ‘'1’’s is recorded, the format dupli- 
cates the original clock; the clock is easily recovered by 
straight forward synchronization with a phase-locked 
loop. In the general case, where the data may appear in 
any order, the phase-encoded data must be processed 
to obtain a single pulse during each data cell before it is 
applied to the phase detector. For example, if the data 


consisted only of alternating ‘’1’’s and “0’’s, the phase- 
encoded format would result in a waveform equal to one- 
half the original clock frequency. If this were applied di- 
rectly to the loop, the VCM would of course move down 
to that frequency. The encoding format insures that there 
will be a transition in the middle of each data time. If only 
these transitions are sensed they can be used to regen- 
erate the clock. The schematic diagram of Figure 32in- 
dicates one method of accomplishing this. 

The logic circuitry generates a pulse at the midpoint 
of each data cell which is then applied to the reference 
input of the phase detector. The loop VCM is designed 
to operate at some multiple of the basic clock rate. The 
VCM frequency selected depends on the decoding res- 
olution desired and other system timing requirements. 
In this example, the VCM operates at twenty-four times 
the clock rate (Figure 33,Row 12). 

Referring to Figure 32 and the timing diagram of Figure 
33, the phase-encoded data (Figure 33, Row 1) is com-: 
bined with a delayed version of itself (output of flip-flop ' 
A row 3) to provide a positive pulse out of G3 for every ' 
transition of the input signal. Portions of the data block | 
are shown expanded in row 2 of Figure 33. Flip-flop A 
delays the incoming data of one-half of a VCM clock pe- - 
riod. Gates G1, G2 and G3 implement the logicExclusive 
OR of waveforms 1 and 3 except when inhibited by 
DGATE (row 4) or the output of G12 (row 7). DGATE and 


FIGURE 32 — CLOCK RECOVERY FROM PHASE-ENCODED DATA 
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its complement, DGATE, serve to initialize the circuitry 
and insure that the first transition of the data block (a 
phase transition) is ignored. The MC7493 binary counter 
and the G5-G12 latch generate a suitable signal for gating 
out G3 pulses caused by phase transitions at the end of 
a data cell, such as the one shown dashed in row 6. 
The initial data pulse from G3 sets G12 low and is 
combined with DGATE in G7 to reset the counter to its 
zero state. Subsequent VCM clock pulses now cycle the 


counter and approximately one-third of the way through | 


the next data cell the counter’s full state is decoded by 
G11, generating a negative transition. This causes G12 
to go high, removing the inhibit signal until it is again 
reset by the next data transition. This pulse also resets 
the counter, continuing the cycle and generating a pos- 
itive pulse at the midpoint of each data cell as required. 

Acquisition time is reduced if the loop is locked to a 
frequency approximately the same as the expected data 
rate during inter-block gaps. InFigure 32,this is achieved 
by operating the remaining half of the dual VCM at 
slightly less than the data rate and applying it to the 
reference input of the phase detector via the G8-G9-G10 
data selector. When data appears, DGATE and DGATE 
cause the output of G3 to be selected as the reference 
input to the loop. 

The loop parameters are selected as a compromise 
between fast acquisition and jitter-free tracking once syn- 
chronization is achieved. The resulting filter component 
values indicated in Figure 32 are suitable for recovering 
the clock from data recorded at a 120 kHz rate, such as 
would result in a tape system operating at 75 i.p.s. with 
a recording density of 1600 b.p.i. Synchronization is 
achieved by approximately the twenty-fourth bit time of 
the preamble. The relationship between system require- 
ments and the design procedure is illustrated by the fol- 
lowing sample calculation: 

Assume a — 3.0 dB loop bandwidth much less than the 
input data rate (~ 120 kHz), say 10 kHz. Further, assume 
a damping factor of ¢ = 0.707. From the expression for 
loop bandwidth as a function of damping factor and un- 
damped natural frequency, wp, calculate wp, as: 


———__—__—, “ 
®_3dB = n (1 te 2¢2 + P + 4(2 + a) (24) 
or for »_3 gp = (27)104 rad/s and ¢ = 0.707: 


(27)104 
2.06 





®n = = (3.05)104 rad/s 


6-36 


As a rough check on acquisition time, assume that 
lockup should occur not later than half-way through a 40- 
bit preample, or for twenty 8.34 us data periods. 

| wat = (3.05)104(20)(8.34)10-6 = 5.1 (26) 
From Figure 9, the output will be within 2 to 3% of its 


final value for wyt = 5 and ¢ = 0.707. The filter compo- 
nents are calculated by: 


BAY 242 27 
R,;cN an 
and ee 
SOV? = 2p (28) 
R4N 
where Kg = 0.115 v/rad 
Ky = (18.2) 106 rad/s/volt 
N = 24 = Feedback divider ratio 
Wp = (3.05) 104 rad/s 
¢ = 0.707 P 
K .115)(18.2)10 
KgKy = (0.115)(18,2)100 = (8.72)104 
N 24 
From Equation 27: 
4 
2 Kgky _ (8.72)10 2 ‘25 
RIC = Non? ~ (3.05)2108 ~ (2-34)10 
From Equation 28: 
4 
Ro 7 2lwnN — 2(0.707)(3.05)10 = 0,494 = ¥ 
Ry = KgKy (8.72)104 


Let Ry = 3.0 kM; then Ro = 1.5 kM and 


_ (9.34)10-5 


B00)” (3.1)10-8 


or using a close standard value, use C = 0.033 pF. Now 
add the additional prefiltering by splitting Ry and select- 
ing a time constant for the additional section so that it 
is large with respect to RoCo. 


10(%R4)Cc = RoC 
or 
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FIGURE 33 — TIMING DIAGRAM — CLOCK RECOVERY FROM PHASE-ENCODED DATA 
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ANALOG MIXER 


ANALOG MIXER 


The MC12002 is a double balanced analog mixer, including an 
input amplifier feeding the mixer carrier port and a temperature 
compensated bias regulator. The input circuits for both the ampli- 
fier and mixer are differential amplifier circuits. The on-chip reg- 
ulator provides all of the required biasing. P SUFFIX 
This circuit is designed for use as a balanced mixer in high- PLASTIC PACKAGE 
frequency wide-band circuits. Other typical applications include CASE 646 
suppressed carrier and amplitude modulation, synchronous AM 
detection, FM detection, phase detection, and frequency doubling, 
at frequencies up to UHF. . 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 





LOGIC, DIAGRAM PIN ASSIGNMENT 


Regulator 
Local _ Gxchee Bypass 
Oscillator Amplifier Dirt Output Cowal 
Inputs Oscillator 13 ["] Resistor Load 





© ‘ 
Signal Signal Local 
aoues Port Oscillator 12 [ | Data Output 
VR VB Input 
Alternate 
Signal 11 L_] Data Output 
Input 


Null Adjust Regulator 
Bypass 
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TEST VOLTAGE VALUES 





Volts 


VOLTAGE APPLIED TO PINS 
Test Limits LISTED BELOW 






ELECTRICAL CHARACTERISTICS 


















11,12,14 
11,12,14 
11,12,14 








5,6,7 
5,6,7 
5,6,7 
5,6,7 


11,12,14| 7 
11,12,14} 7 
11,12,14 | 5,6,7 
11,12,14 | 5,6,7 


11,12,14 | 5,6,7 
11,12,14 | 5,6,7 
11,12,14 | 5,6,7 
11,12,14 | 5,6,7 























1 


2 2 78 
Differential Current AlOy | 11,12 | —100 | +100; —100{ +100; —100{ +100 
AlOg | 11,12 | —200 | +200} —200; +200; —200/ +200 
2.3 2.5 


Bias Voltage VBias , 
1.385 | 1.105 | 1. 
Ay alte) |_| bw EE 
(Frequency = 


11 0.28 —_ VN 
100 MHz) *Note 


*Note: AC Gain is a function of collector load impedance. 





pAdc 
pAdc 












| 
w 
c=] 
< 





AC Gain (See Figure 1) 
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ANALOG MIXER CIRCUIT SCHEMATIC 


350 





FIGURE 1 — A.C. GAIN TEST 
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50 Note 1¥ 
0.1yf 
Signal B — 
50 0.1uF 
0. 1uf 2 Dia 
—~5.0V = = 
Note 1: 
Vit = —3.0 V on pin 3 when pin 8 is under test. All input and output 
Vit = —3.0 V on pin 9 when pin 2 is under test. cables to the scope are 


equal lengths of 50-ohm 

coaxial cable. 

The unused output is 

Signal B = 300 mV p-p connected to a 50-ohm 
resistor to ground. 


Signal A = 30 mV p-p 


Freq. = 100 MHz 
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Signal A 
Input (Pin 2) OX Sa I OT 
ace Sy Nf 


Output (Pin 11) 


Signal B Input (Pin 8) 
Output (Pin 12) 


Output (Pin 11) 


FIGURE 2 — CARRIER FEEDTHROUGH TEST CIRCUITS 
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Notes: : 

Test 1—Adjust potentiometer for carrier null at f, = 100 kHz. All input and output 

Test 2—Connect pins 5 and 6 to Gnd. cables to the scope are 


equal lengths of 50-ohm 
coaxial cable. 
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VcrT, CARRIER OUTPUT VOLTAGE (mV [rms] ) 


CARRIER SUPPRESSION (dB) 


FIGURE 3 — CARRIER FEEDTHROUGH VERSUS 
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FIGURE 4 — CARRIER FEEDTHROUGH VERSUS 
FREQUENCY (Test 1) FREQUENCY (Test 2) 
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FIGURE 6 — CARRIER SUPPRESSION VERSUS 
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FIGURE 5 — CARRIER SUPPRESSION TEST CIRCUIT 
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FIGURE 7 — CARRIER SUPPRESSION VERSUS 
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FIGURE 8 — CARRIER SUPPRESSION 
VERSUS TEMPERATURE 


CARRIER SUPPRESSION (dE) 
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FIGURE 9 — OUTPUT OFFSET CURRENT (Ig) 
VERSUS TEMPERATURE 
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(A) MOTOROLA 


DUAL MODULUS PRESCALER 


These devices are two-modulus prescalers which will divide by 
5 and 6, 8 and 9, and 10 and 11, respectively. A MECL-to-MTTL 
translator is provided to interface directly with the MC12014 
Counter Control Logic. In addition, there is a buffered clock input 
and MECL bias voltage source. . 


@ MC12009 480 MHz (+ 5/6), MC12011 550 MHz (-- 8/9), 
MC12013 550 MHz (+ 10/11) 


MECL to MTTL Translator on Chip 

MECL and MTTL Enable Inputs 

+5.0 or —5.2 V Operation* 

Buffered Clock Input — Series Input RC Typ, 20 Ohms and 4 
pF 

Vpp Reference Voltage 

@ 310 Milliwatts (Typ) 


*When using a +5.0 V supply, apply +5.0 V to Pin 1 (Vcco), Pin 
6 (MTTL Vcc), Pin 16 (Vcc), and ground Pin 8 (Veg). When using 
—5.2 V supply, ground Pin 1 (V¢co), Pin 6 (MTTL V¢c), and Pin 
16 (Vcc) and apply —5.2 V to Pin 8 (Veg). If the translator is not 
required, Pin 6 may be left open to conserve dc power drain. 


MAXIMUM RATINGS 


(Ratings above which device life may be impaired) 


Power Supply Voltage _ VEE Vdc 
(Vcc = 0) . | j 
Input Voltage Vin 0 to VEE Vdc 


Output Source Current 
Continuous 
Surge 


Storage Temperature Range —65 to +175 


(Recommended Maximum Ratings above which performance may be degraded) 



















"DC Fan-Out (Gates and Flip-Flops) |_| 70 | 


*AC fan-out is limited by desired system performance. 
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mAdc 
<50 . 
<100 






Operating Temperature Range | TA —30 to +85 °C 
MC12009, MC12011, MC12013 “ 


-MC12009 | 
Mc12011 
MC12013 


MECL PLL COMPONENTS 


DUAL MODULUS 
PRESCALER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN ASSIGNMENT 


151 |Clock 


13 [_JE1 MECL 

12[C]E2 MECL 

MTTL VecLJj 6 11|_JE3 MECL 
MTTL Output L_] 7 

~— g[_]E5 MTTL 
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FIGURE 1 — LOGIC DIAGRAMS 


MC12009 


MTTLES 9 
MTTLE4 10 
MECLE3 11 
MECLE2 12 






MECLE113 
—- Recommended Circuitry 


os For ac coupled Inputs. 
15 Oe ae “Aer rr rn ; 
7331000 pF 1k 2st 


® Clock Input 


MC12011 


MTTLES 9 
MTTLE4 10 
MECLE3 11 
MECLE2 12 
MECLE1 13 









ISO = Woe moo aa 
7331000 pF 1k 73h 
® Clock Input = 


MC12013 


+ 10 for one or all 

E1 thru E5 high 

+ 11 for all 

E1 thru E5 low 

Tie unused gate inputs low. 


MTTLES 9 
MTTLE4 10 
MECLE3 11 
MECLE2 12 
MECLE1 13 


Pull-down resistors required on 


16 OSS as ee tans 
Pins 2, 3 when not connected ¥ mae 014 


31000 pF 1k 73: 0.1 WF 


to translator. 
® Clock Input = 


Basic !C Capability: + 10/11 


FIGURE 2 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION 


Phase Detector . Voltage-Controlled 
Mc4044 Low Fass Filter Oscillator MC1648 


Modulus Enable Line 
MC12009 


MC12011 
MC12013 


fet fout 

























Counter Control Logic 
MC12014 






Zero Detect Line 


+A Programmable 
Counter MC4016 


+N, Programmable 
Counter MC4016 


Counter Reset Line 
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ELECTRICAL CHARACTERISTICS ............ Supply Voltage -5.2 V 

These devices are designed to meet the dc specifications shown in the test 
table after thermal equilibrium has been established. Outputs are terminated 
through a 50-ohm resistor to —2.0 Vdc. 





TEST VOLTAGE/CURRENT VALUES 
Volts 


-30° [-0.890 | -1.990 | -1.205 [-1.500 [28] a7] 32] 44] 52|-025| 16 | 0.40 
rasec | -0.700 | 1925] 1035 | 1440 [28] 47] 32] 44 [-52]-025] 16 | 040] 


MC 12009, MC12011, MC12013 
TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 
Unit 


| ton | Gna 


mAdc eon = 
mAdc 


250 |; “Adc 
; 1 ‘ 
TT: - 
13 
6.4 mAdc 
= ie 


36 |mAdc aoe 


100 uAdc 
100 uAdc 


uAdc 


mAdc 
Adc 
ae 







@Test 
Temperature 
























Characteristic Sy mbol 


Power Supply Drain Icc1 
Current Icc2 


ead OPE Hal 

upe Current IiNH4 15 

11 

12 

13 
ba EW 

6.0 
Tina [s [07 | 20 | 10_| 
I1NH4 100 
fe 
Led 






— 





boll laa 
b 





| Leakage Current WNL " 


-10 


vo rae 100 | -0.890 | -1.000 
Pe ee 100 ed 890 ~1.000 


Wows [7 baa 






3 


16 
-0.810 -0.700 | Vdc a ae 
-0.810 | -0.930 | -0.700| Vdc 11.12.13 
ee 


d 
eo -1.990 — -1.950 -1.650 | -1.925 | -1.615 | Vdc 11.4243 
-1,.990 | -1.675 | -1.950 -1.650 | -1.925 | -1.615]| Vdc 11:19.43 

Cc 


Qo 
oo 










Reference Voltage 


Logic ‘'1"’ Output Voltage 


WIA a eouer 
olo o| Fin 





Logic ’'0’’ Output Voitage 






dc 4 


otf = tas TI ae Oe 











Logic ‘1’ Threshold oe -1.120 -1.020 -0.950 ei 11,12,13 
Voltage : -1.120 ~1.020 -0.950 dc 11,12,13 
Logic ‘’0’’ Threshold S 2 -1.655 -1.630 -1.595 | Vdc 
Volteas. Q@ 3 -1.655 -1.630 ~1.595 | Vd 





Clock Input 
"V tHmax 


@® Test outputs of the device must be tested by sequencing through the truth table. All input, power supply and ground voltages must be maintained between 
tests. The clock input is the waveform shown. 
® In addition to meeting the output levels specified, the device must divide by 5, 8, or 10 during this test. The clock input is the waveform shown. 


V . 
@ In addition to meeting the output levels specified, the device must divide by 6, 9, or 11 during this test. The clock input is the waveform shown. oe 


= 
a?) 
ah 
Nn 
=) 
=) 
oO 
@ 
= 
oO 
xh 
ND 
=) 
ook 
ook 
® 
|= 
© 
exo 
No 
=) 
weds 
ot) 
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ELECTRICAL CHARACTERISTICS ............ Supply Voitage +5.0 V 


These devices are designed to meet the dc specifications shown in the test 
table after thermal equilibrium has been established. Outputs are terminated 
through a 50-ohm resistor to +3.0 Vdc. 












TEST VOLTAGE/CURRENT VALUES 










-20°C 8] +5.0]-0.25] 16 |-040] 






+85°C 









MC12009, MC12011, MC12013 


;j eu [-30%c~Sid]ti(‘é#*!OC«*”SCO*« SSCS’ TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: cee 
naer EE 
Characteristic Symbol | Test pepe pay fe pepe Unit Poe a ee Gnd 


Power Supply Drain lcci - mAdc 1 a 
Current Icc2 5.2 5.2 mAdc 
250 


5.2 
Input Current NHI | 250 wAdc 
He : 
12 12 


'INH2 1.7 6.0 2.0 6.0 2.0 6.4 | mAdc 
al 6.0 2.0 6.0 2.0 rel aa 
a 


100 teas eee ee 
He 100 teas 100 nAde 


WWNLQ2 -1.6 -1.6 -1.6 mAdc 
i -1.6 -1.6 -1.6 mAdc 
Sao et fer ae eS 
pee | =e 
Logic ‘'0"’ Output Voltage a = = 070 3.385 3.110 —_ 410 3.135 3.445 whe. 9,10 
a eae ose mae 110 oa 3.135 3.445 12, 9,10 
soe aaa Ces Caen! eel ie eee 
11,12,13 9,10 1 Le : 
11,12,13 9,10 1.16 


Logic "'1"' Output Voltage 
@ | = 
VOLA 2 3.405 3.430 3.465 Vdc 11,12,13 9,10} 72,16 
2 3 3.405 3.430 3.465 | Vdc 1 a 13 9.101 1,16 






















Leakage Current 




















Logic ‘'1'' Threshotd 
Voltage 

Logic ‘'0"' Threshold 
poe 






@® Test outputs of the device must be tested by sequencing through the truth table. All input, power supply and ground voltages must be maintained between cies a 
tests. The clock input is the waveform shown | 
® In addition to meeting the output levels specified, the device must divide by 5, 8, or 10 during this test. The clock input is the waveform shown. Vitnun 


@ In addition to meeting the output levels specified, the device must divide by 6, 9, or 11 during this test. The clock input is the waveform shown. 





= 
‘?) 
wh 
NO 
i] 
Oo 
wo 
e 
= 
‘?) 
=b 
NO 
i] 
pare 
=_ 
@ 
= 
‘?) 
= 
N 
o 
ooh 
wo 
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SWITCHING CHARACTERISTICS | 






MC12009, MC12011, MC 12013 TEST VOL TAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW: 


: ; Voc 
Characteristic +2.0 
5 


Propagation Delay 
(See Figures 3 and 5) 


Setup Time 
(See Figures 4 and 5) 


Release Time 
(See Figures 4 and 5) 


Toggie Frequency 
(See Figure 6) 
MC12009 : 5/6 
MC12011 : 8’9 
MC12013 : 10/11 


* Test inputs sequentially , with Pulse Generator 2 or 3 as indicated connected to input under test, and the voltage indicated applied to the other input(s) of the same type (1.e., MECL or MTTL). 









FIGURE 3 — AC VOLTAGE WAVEFORMS 


: Pulse 80% a v : 
1 20% 


V : 
th + —o tLmin 





Q (Pin 2) 


© (Pin 3) 
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FIGURE 4 — SETUP AND RELEASE TIME WAVEFORMS 


Pulse 80% Vitmin Pulse Want 
Generator Oe a ee Generator 50% 80% . an / 

1 'tsetup1—- = eye ev eiman 1 - —'trel 20% ——Vitmin 
Pulse 80% Vitmin Pulse yy 
Generator a) ae See ae Generator 90% 80% oe *.. Belen 

say 20% ee oe Obs. 20% ViLmin 
Generator \ 10% ee de Generator Lt 10% 
/ 


VEE 3 — VEE 


3 +1.5V SS “Voy 





Q (Pin 2) Divide by 5 MC12009 Q (Pin 2) / Divide by 6 -- MC12009 
Divide by 8 --MC12011 Divide by 9 -- MC12011 
Divide by 10 -- MC12013 Divide by 17 -- MC12013 





FIGURE 5 — AC TEST CIRCUIT 


V (Scope Channel B) 


out 


Pulse 
Generator 


#1 





Pulse 
Generator 
#2 


Pulse 
Generator 
#3 


Vino—C___ 


(Scope Channel A) 


MC10109 or equiv. 


All Pulse Generators are EH 137 or equiv. 


Pulse Generators 1 and 2: VEE = -3.0V 
PRF = 10 MHz 
PW = 50% Duty Cycle 
t+ =t- = 2.04 0.2 ns 


All resistors are + 1%. 
All input and output cables to the scope are equal lengths of 50-ohm coaxial cable. 
The 1950-ohm resistor at Pin 7 and the scope termination impedance constitute a 40:1 
Pulse Generator 3: attenuator probe 
PREF = 2.0 MHz Cy = 15 pF = total parasitic capacitance which includes probe, wiring, and load capacitance. 


PW = 50% Duty Cycle Unused output connected to a 50-ohm resistor to ground 
tt =t-=5.0+ 0.5 ns 
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FIGURE 6 — MAXIMUM FREQUENCY TEST CIRCUIT 


(To Scope) 


Sine Wave 
Input 





—-— Veg =-3.0 V 


Unused output connected to a 50-ohm resistor to ground 


DIVIDE BY 6 


Clock 
Input 





850 mV typ 






OQ (Pin 2) 3 Cycles 






DIVIDE BY 9 






5 Cycles ——- 






Q (Pin 2) 


DIVIDE BY 11 


850 mV typ 






6 Cycles 






Q (Pin 2) 
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FIGURE 7 — STATE DIAGRAM 


DIVIDE BY 5/6 (MC12009/MC12509) 





— ——Enabie- 1 


DIVIDE BY 8/9 (MC12011) 








Enable = 0 
Enable = 1 


——-—Enable 1. 


DIVIDE BY 10/11 (MC12013) 





Enable ~ O 
pices Enable = 1 


NOTES: 
——— Enable 1. 


The State of the Enable is important only for the positive 
Clock Transition when the counter is in state 1100. 
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APPLICATIONS INFORMATION 


The primary application of these devices is as a high- 
speed variable modulus prescaler in the divide by N 
section of a phase-locked loop synthesizer used as the 
local oscillator of two-way radios. The theory and ad- 
vantages of variable modulus prescaling, along with 
typical applications, are covered in Motorola’s ‘‘Elec- 
tronic Tuning Address Systems” (SG72). 

Proper VHF termination techniques should be fol- 
lowed when the clock is separated from the prescaler 
by any appreciable distance. 


In their basic form, these devices will divide by 5/6, 
8/9, or 10/11. Division by 5, 8, or 10 occurs when any 
one or all of the five gate inputs E1 through E5 are high. 
Division by 6, 9, or 11 occurs when all inputs E1 through 
E5 are low. (Unconnected MTTL inputs are normally 
high, unconnected MECL inputs are normally low). With 
the addition of extra parts, many different division con- 
figurations may be obtained (20/21, 40/41, 50/51, 100/ 
101, etc.) A few of the many configurations are shown 
below, only for the MC12013. 


FIGURE 8 — DIVIDE BY 10/11 (MC12013) 









Enable = 9 


_ Enable = 1 
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FIGURE 9 — DIVIDE BY 20/21 (MC12013) 


wo 
—_ —_— O 
ARS 


E2+E3+E4+ E5=1 


i ae 
po | o | 
po jo 
Bene 
ee 
Eo |e 
coe ee 
a ee 
ee ae 
ee ee 
el ae 
po | oO | 
es ee 
ae ee! 
cae ae 
aloe 
po fo 
Se ee 
a 


To obtain an MTTL output, connect Pins 5 and 4 to Pins 2 and 3 respectively. 
Termination resistors for the MECL outputs are not shown, but are required 
except for the flip-flop driving the translator section. 

The + 20/21 counter may also be built using an MTTL flip-flop by connecting 
Pins 5 and 4 to Pins 2 and 3 respectively, and driving the MTTL flip-flop with Pin 
7. MC12013 inputs E4 and E5 are used rather than E1. With E1 + £2 + E3 = 0, 
operation remains as shown. 





FIGURE 10 — DIVIDE BY 40/41 (MC12013) 





For +40: E4+E5=1 
For +41: E4+E5=0 





See 


MC10131 Termination resistors for MECL 
Outputs are not shown, but are 
required except for the flip-flop 
driving the translator section. 
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(AA) MOTOROLA mCc12014 


COUNTER CONTROL 
LOGIC 


COUNTER CONTROL 
LOGIC 


The MC12014 monolithic counter control logic unit is designed 
for use with the MC12013 Two-Modulus Prescaler and the MC4016 
Programmable Counter to accomplish direct high-frequency pro- 
gramming. The MC12014 consists of a zero detector which con- 
trols the modulus of the MC12013, and an early decode function 
which controls the MC4016. The early decode feature also in- 
creases the useful frequency range of the MC4016 from 8.0 MHz 


to 25 MHz. P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


LOGIC DIAGRAM 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 
(Clock) 


Vcc =Pin 16 
Gnd=Pin 8 


Gnd 


07 
Enable 
Out 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for the fj,, ZO, 
B1 and P71 inputs. All other inputs are 
tested in the same manner as the ZO input. 





TEST CURRENT/VOLTAGE VALUES (All Temperatures) 
Volts 





Test Limits 
Under 0 to +75°C 


- 
a 
-| 
i?) 
Cc 
=) 
ee] 
m 
2 
- 
~ 
< 
Oo 
CG 
+ 
> 
Q) 
m 
> 
v 
v 
& 
m 
O 
+ 
O 
= 
2 
n 
a 
Nn 
-| 
m 
Oo 
jes) 
m 
Cc 
9 
< 


Characteristic 


Input 
Forward Current 


Leakage Current 


ho 


* 
ia 
aad 
a0 —_—— 


Me 
nn] 
NWHH 


Clamp Voltage Vic 












Output 
Output Voltage VOL 





11,12,13 23A4,5,10,11 

11,12,13 10,14 16 

2,3,4,5 6 16 
= 11,12,13 16 

2,3,4,5 6 16 = 
= 11,12,13 16 _ 


O 


Short-Circuit Current los 


Power Requirements 
Power Supply Drain 





—! < 
tii 
aa 
[omme) 


*Output level to be measured after waveform 1 is applied to fj, pin 1. 
**Output level to be measured after waveform 2 is applied to fj,, pin 1. 


—ViH Viv 
Waveform 1: | | Waveform 2: 
Vit _I Lj VIL 





VLOZLOW 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, waveform letters refer to waveforms on next page.) 


Under _Test Limits (ns) Listed Below 


Symb sees ets ee et ate oe Pete re “0 
fetoPsfrofele tel ula tits Tel tel nan 
TTT ry 11,12,13 


SaRIRIEIED 
ropepeteteteteteta tts pete 



























~ Characteristic 


Propagation Delay 


= 
rm 
° 
a 
< 
= 
< 
Bly 
b 
i< 









NFO WN 


oo ot ot oe 
AWN 


tPHL2 
tPLH3 


Setup Time tsetup''1"" | 10 
11 
12 
13 
14 
tsetup’‘0" | 10 
11 
12 
13 
14 
Hold Time thold’’1” | 10 
11 
12 
13 
14 
thold’0” | 10 
1 
12 
13 
14 


<3 
rm 
=r 
N 








10 1112.13 

11 12,13 10,14 
12 11,13 

13 11,12 

14 11,12,13 






11,12,13 
12,13 
11,13 
11,12 


10 
14° 
10,14 
11,12,13 10 
11,12,13 14 
12,13 10,14 
11,13 | 
11,12 
11,12,13 10 










A 1 D 10 
11 
12 
13 
14 



















A 1 E 11,12,13 14 
1 12,13 10,14 
11,13 | 
11,12 
11,12,13 10 





VLOCLOW 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Vec 
+5.0 Vdc 


Coax 







950 +1.0% 





PULSE 
GENERATOR 


PREF = 1.0 MHz double pulsed 50 

for waveform A 

1.0 MHz for waveform B 

ty = te = 5.0 ns = 
(10% to 90% points) 





Vec 
+5.0 Vdc 


400 


MMD6150 
or Equiv 


MMD 7000 
or Equiv 





A load is connected to 
each output during testing. 


Two pulse generators are required and must be slaved together to provide the 


waveforms shown. 


Cr = 15 pF = total parasitic capacitance, which includes probe, wiring, and 


load capacitances. 


The coax delays from input to scope and output to scope must be matched. 


The scope must be terminated in 50-ohm impedance. 


The 950-ohm resistor 


and the scope termination impedance constitute a 20:1 attenuator probe. 


Coax shall be CT-070-50 or equivalent. 


SETUP AND HOLD TIMES 


















PROPAGATION DELAY TIMES 


50 BOr yo 
ns 
3.0 V 3.0V 
At A# 15V 
ov Ov 
tsetup’1"’ 3.0V ale 3.0 V 
B 1.5 V H 1.5 V 
Ov Ov 
tsetup’‘0”’ tPLH2 
3.0 V 3.0 V 
Cc 1.5V 4 15 .V 
Ov tPHL1 ov 
thoid’1" tPLH1 'PLH3 
3.0 V VOH 
D , K 1.5 V 
: Ov VOL 
hold’’0” tPHL2 
3.0 V VOH 
E i 1.5 .V 
oN VOL 
VOH 
F 
— Vor 
VOH 
G 
VOL #Pulse A (fj,) used with all tests. 
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APPLICATIONS INFORMATION 


The MC12014 Counter Controi Logic incorporates two 
features for enhancing operation of the MC4016/4018 
Programmable Counters.1 Maximum operating fre- 
quency of the counters is limited by the time required for 
re-programming at the end of each count-down cycle. 
Operation can be extended to approximately 25 MHz by 
using the “early decode” feature included in the MC12014. 
The appropriate connections are shown in Figure 2. Only 
three counter stages are shown; however, up to eight 
stages can be satisfactorily cascaded. Note the following 
differences between this and the non-extended method: 
the counter gate inputs are not connected to the input 
clock; all parallel enables are connected to the O output 
(fout) of a type D flip-flop formed by gates G2 through 
G7 in the MC12014 package; the bus terminal of the least 
significant stage is grounded; all other bus terminals and 
one internal resistor, R, are connected together and serve 
as a data input, B1, to the flip-flop. Four additional data 
inputs, PO through P3, serve to decode the “two” state 
of the least significant counter stage. Circuit operation is 
illustrated in waveforms of Figure 2, where the timing for 
the end of a count-down cycle is shown in expanded 
form. The counter parallel inputs are assumed to have 
N = 245 programmed. Timing is not shown for the third 
stage since it has already been counted down to the all 
zero state. As the next-to-least significant stage reaches 
zero, the common bus line goes high. Count down of the 
least significant stage continues until the ‘‘two”’ state is 
reached, causing the remaining data inputs to the flip- 
flop to go high. The next-to-last clock pulse of the cycle 
then triggers the flip-flop Q output low. This takes the 
parallel enables of all three counter stages low, resetting 


the programmed data to the outputs. The next input pulse 
clocks QO back to the high state since the data inputs to 
the flip-flop are no longer all high. The resulting negative 
output pulse at fot is one input clock period in duration. 
Note that division by N equal to 001 or 002 is not available 
using this method. 

The frequency synthesizer shown in Figure 8 requires 
that the programmable counters be quickly stopped after 
reaching their terminal (zero) count. This can be simply 
accomplished by taking the master reset of all stages low 
at the appropriate time. The bus output of the counters 
could be used for this function since a transition there 
signals the end of a count-down sequence. However, due 
to the relatively long delay between the last positive clock 
transition and the bus transition a faster method is re- 
quired in this application. 

The “zero detection” feature of the MC12014 provides 
a convenient means of implementing a faster method. 
Gates G12 through G19 form a latch whose output goes 
high if B2 is high and low logic levels are applied to the 
ZO thru Z3 inputs. When once set to a one by appropriate 
input conditions, the output of G19 remains high until it 
is reset by the circuit comprised of gates G8 through G11. 
Note that since the required information is stored, the 
counter can be allowed to continue cycling. 

The G8-G11 circuit monitors the G7 output of the “early 
decode” type D flip-flop. When the counter stage con- 
nected to the PO thru P3 inputs has counted down to its 
two state the output of G7 goes high; this enables the 
G8-G11 circuitry and the next positive clock transition 
causes the output of G11 to go high, resetting the output 
of G19 to zero. 


FIGURE 1 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION 












Phase 
Detector 
MC4044 













fref 


Low-Pass 
Filter 


MC12014 


+N +A 
Programmable Programmable 
Counter Counter 
MC4016 
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Modulus Enable Line 










Counter Reset Line 


Voltage 
Controlled 
Oscillator 

MC1648 


fout 











Two-Modulus 
Prescaler 
MC12013 











Zero Detect Line 















MC4016 








FIGURE 2 — INCREASING THE OPERATING RANGE OF MC74416/74418 PROGRAMMABLE COUNTERS USING MC12014 

















oes Q11 Q12 Q13 


Q30 Q31 032 Q33 
R PE 


O20 Q21 Q22 Q23 
PE 


© 
P R 
C _c4016/18 


G 
MR DO D1 D2 D3 


R 













c MC4016/18 
G 
MRDO D1 


C -MC4016/18 
D2 D3 













D2 D3 





G 
MRDO D1 
U 


1 #O 1 re) o O 1 9O Oo 1 on) 
L.S.D 4 M.S.D 
5 2 


245 
ej Input | 
Pulses 


Q12 
Q13 


Q20 
Q21 
022 pected 
Q23 
Bus 


*Non-expanded version f 
of bottom waveform. our | | 


1 See the MC54416/54418 data sheet for additional information. 
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Operation of the Counter Control Logic can be further 
clarified by considering a typical system application for 
programmable counters illustrated in the frequency syn- 
thesizer shown in Figure 3. There the counter provides 
a means of digitally selecting some integral multiple of 
a stable reference frequency. The circuit phase locks the 
output, fyco, of a voltage controlled oscillator to a ref- 
erence frequency, fref.< Circuit operation is such that 
fyco = Nfref, where N is the divider ratio of the feedback 
counter, permitting frequency selection by means of 
thumbwheel switches. | 

In many synthesizer applications the VCO is operated 
at VHF frequencies too high for direct division by TTL 
counters. In these cases the VCO output is usually pres- 
caled by using a suitable fixed divide-by-M ECL circuit as 


shown in Figure 4. For this configuration, fyco = NMfref, 
where N is variable (programmable) and M is fixed. De- 
sign of the optimum loop filter requires that the input 
reference frequency be as high as possible where the 
upper limit is established by the required channel spac- 
ing. Since fyco = Nfref in the non-prescaled case, if N 
is changed by one, the VCO output changes by fref, or 
the synthesizer channel spacing is just equal to fref- When 
the prescaler is used as in Figure 4, fyco = NMfref, and 
a change of one in N results in the VCO changing by 
Mfref, i.e., if fra¢ is set equal to the minimum permissible 
channel spacing as is desirable, then only every M chan- 
nels in a given band can be selected. One solution is to 
set fref = channel spacing/M but this leads to more strin- 
gent loop filter requirements. 


FIGURE 3 — TTL PHASE-LOCKED LOOP 





ecm erre—ereeee  e 


+N Programmable 


Counter Chain 
MC4016/18 





>N Programmable 
Counter Chain 
iMC4016/18 





fyco 


— =e 


1/2 MC4024 









MC1658 


>M Prescaler 


MC10137 





2 See Motorola Application Notes AN-535, AN-532, and the MC4344/4044 Data Sheet for detailed explanation of over-all circuit.operation. 


An alternate approach that avoids this problem is pro- 
vided by the counter configuration shown in Figure 5. It 
too uses a prescaler ahead of a programmable counter, 
however the modulus of the prescaler is now controlled 
by a third counter, causing it to alternate between M and 
M + 1. Operation is best explained by assuming that all 
three counters have been set for the beginning of a cycle: 
the prescaler for division by (M + 1), the modulus control 
counter for division by Nm, and the programmable 
counter for division by Noc: The prescaler will divide by 
(M + 1) until the modulus control counter has counted 
down to zero; at this time, the all zero state is detected 
and causes the prescaler to divide by M until the pro- 
grammable counter has also counted down to zero. When 
this occurs, a cycle is complete and each counter is reset 
to its original modulus in readiness for the next cycle. 

To determine the relationship between fo ¢ and fin, let 
T1 be the time required for the modulus control counter 
to reach its terminal count and let Tz be the remainder 
of one cycle. That is, Tg is the time between terminal 
count in the modulus control counter and terminal count 
in the programmable counter. When the modulus control! 
counter reaches zero, Nm c pulses will have entered it at 
a rate given by fj,/(M + 1) pulses/second or To is: 


ey eR 


v4 
fin 


(1) 


Nmc 


At this time, Nm¢ pulses have also entered the pro- 
grammable counter and it will reach its terminal counter 
after (Nbc — Nmc) more pulses have entered. The rate 
of entry is now fj,/M pulses/second since the prescaler 
is now dividing by M. From this T9 is given by: 


M 
SY aaa (Noc — Nmeo) (2) 
fin 
Since f=- 
mae le cae ee a mr cae : (3) 
Ttotal 71 + T2 (M+ 1)Nme , MiNpe — Nme) 
fin fin 
fin 


f ee | ee 
out (M+ 1)Nme+M(No¢—-Nme) 


fin 


es fin 
MNoc +Nme 

In terms of the synthesizer application, fyco = (MNoc¢ 
+ Nemec) fref and channels can be selected every f-ef by 
letting Npc and Nme take on suitable integer values, in- 
cluding zero. 
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FIGURE 5 — FEEDBACK COUNTERS WITH DUAL 
MODULUS PRESCALER 













Modulus Control 
Counter 
~Nme 
Dual Modulus 
P;escaler 
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vco Programmabie 
Counter 


=Noe 


To Phase Detector 
for comparison with fref. 


A simplified example of this technique is shown in Fig- 
ure 6. The MC12013 Dual Modulus Prescaler divides by 
either 10 or 11 when connected as shown in Figure 6. If 
the E3 and E4 Enable inputs are high at the start of a 
prescaler cycle, division by 10 results; if the Enable inputs 
are low at the beginning of the cycle, division by 11 re- 
sults. The zero detection circuitry of the MC12014 Counter 
Control Logic is connected to monitor the outputs of the 
modulus control counter; this provides a suitable enable 
signal at EO as the modulus control counter reaches its 
terminal (zero) count. The remainder of the MC12014 is 
connected to extend the operating frequency of the pro- 
grammable counter chain. Appropriate waveforms for 
division by 43 are shown in Figure 7a. 

The beginning of the timing diagram indicates circuit 
status just prior to the end of a countdown cycle, i.e., the 
modulus control counter has been counted down to one 
and the programmable counter is in the two state. The 
next positive transition from the prescaler (f1 in the tim- 
ing diagram) then initiates the following sequence of 
events. Since the two state of the programmable counter 
enables the early decode circuitry in the MC12014, the 
positive f1 transition causes foyt to go low. Since foyt is 
connected to the Parallel Enables of all the MC4016 
counters this low signal will re-program the counters in 
readiness for another cycle. However, due to the prop- 
agation time through the decode circuitry, the pro- 
grammable and modulus control counters are briefly dec- 
remented to one and zero, respectively, before re- 
programming occurs. The momentary zero state of the 
modulus contro! counter is detected, setting EQ of the 
MC12014 high, enabling the MC12013 for division by ten 
during its next cycle. After eleven more fj, pulses (Eg 
went high after the beginning of the prescaler cycle and 
so doesn’t change the modulus until the next prescaler 
cycle), f1 again goes high, causing foy¢ to return to the 
one state. This releases the Parallel Enables and simul- 
taneously resets Eo to zero. However, since Eg was high 
when the current prescaler cycle began, the next positive 
f1 transition occurs only ten fj, pulses later. Subsequent 
f1 transitions now decrement the MC4016 counters down 
through another cycle with the prescaler dividing by 
eleven. From the waveforms, 11 + 10 + 11 + 11 = 43 
input pulses occur for each output pulse. 














MC12014 


_ FIGURE 6 — FREQUENCY DIVISION: fo = fin/(MNpc + Nme) 
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Ne ee 
Modutus Control ; 
Counter: *Nme 


Division by 42 is shown in Figure 7b. Operation is sim- 
ilar except that the modulus control counter reaches its 
terminal count one f1 cycle earlier than before. Since Eo 
is reset by the trailing edge of the foyt pulse, EQ now 
remains high for two prescaler cycles leading to 10 + 10 
+ 11 + 11 = 42 input pulses for each output pulse. 

Other combinations lead to similar results, however 
note that Nyc must be greater than or equal to Nm¢ for 
operation as described. If Nmec is greater than Nog er- 
roneous results are obtained, however this is not a se- 
rious restriction since Nog is greater than Nmc in most 
practical applications. 

The synthesizer shown in Figure 8 generates frequen- 
cies in the range from 144 to 178 MHz with 30 kHz channel 
spacing. It uses the dual modulus prescaler approach 
discussed earlier. General synthesizer design consider- 
ations are detailed in the publications listed in footnote 
















MC4016/18 
G B 
MRDOD10203 

L) 


MC4016/18. 


G B 
MR DO D1 D2 03 


More Significant 
0 oO O Stages Programmed 


0 0 7 O. - 0 
to Zero 


(L.S.D.) 





Programmable Counter: *Noy¢ 


2, hence only the feedback counter is discussed here. 
Requirements for the feedback divider are determined 
from: 


Minimum Divider Ratio=Ntmin = a = 4800 
Maximum Divider Ratio=Ntmax = ee = 5933 


If the prescaler divides by at least ten, the maximum 
input frequency to the TTL counters will be 17.799 MHz, 
allowing use of MC4016 Programmable Counters with 
the MC12014 frequency extension feature. 
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FIGURE 7a — DIVISION BY 43 
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FIGURE 7b — DIVISION BY 42 
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FIGURE 8 — 144 TO 178 MHz FREQUENCY SYNTHESIZER 
WITH 30 kHz CHANNEL SPACING 
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(177 MHz) 


The required divider range, 4800 to 5933, is obtained 
in the following manner: the MC12013 Dual Modulus 
Prescaler is connected in the divide by 10/11 mode; the 
modulus control counter uses two MC4016 stages with 
Nmc ranging from 00 to 99, establishing the two least 
significant digits of N7. The remaining two digits of Ny 
are obtained from a three stage programmable counter 
generating Nyc. The least significant stage of the Noc 
counter is fixed programmed to zero. The required pro- 
gramming for all remaining stages is derived from four 
channel selector BCD thumbwheel switches. The rela- 
tionship between Ny and the counters is given by Ny 
= MNopc + Nme; for a typical channel, say 144.33 MHz, 
Ny = 4811 requires that M = 10, Nog = 480, and Nme- 
= 11, or Nz = (10)(480) +11 = 4811. 

A general problem associated with synthesizer design 
arises from the fact that there is not always a one-to-one 
correspondence between the code provided by the chan- 
nel selector switches and the code required for proper 
programming of the counters. For instance, in the ex- 
ample above where 144.33 MHz was selected, the chan- 
nel selector switches are set to 44.33 while the required 
divider ratio is 4811. There are numerous solutions for 
a given translation requirement, however the method 
shown here using read only memories offers a straight- 
forward design method. While field programmable read 
only memories (PROMs) are shown, they would nor- 
mally be used only during development; suitable fixed 
ROMs are more economical in production quantities. The 
design procedure for the code conversion is illustrated 
in Figure 9. The required programming for the two most 
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FIGURE 10 — Nmc PROM #1 PROGRAMMING 
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39 
significant digits of Noc is shown versus the code pro- 
vided by switches #1 and #2 of the channel selector. If 
the four outputs of switch #2 and the two least signif- 
icant outputs of switch #1 are regarded as address bits 
AO through A5d for a 64 x 8 TTL PROM, a memory 
location can be associated with each switch setting. The 
required Npc Programming for each switch setting is 
then set into the appropriate memory location by the 
user. In Figure 9, the required programming has been 
transferred into a truth table to be used while program- 
ming the PROM. A similar result for the Nme¢ program- 
ming is shown in Figure 10. Note that the PROM shown, 

~Nmc PROM #1, selects only Nm¢ numbers 00 through 
33. This means that the synthesizer as shown in Figure 
8 selects only the adjacent channels in a one megahertz 

slice of the total band. The frequency ranges that can 
be selected using Nmp;>g PROM #1 are summarized in 
Figure 10. For other ranges, Nmc PROM #1 must be 

. replaced by one of two additional PROMs required for 
generating the remaining Nme numbers. Appropriate 
truth tables along with the ranges they can be used with 
are shown in Figures 11 and 12. 
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FIGURE 12 — Nyc PROM #3 TRUTH TABLE 


FIGURE 11 — Nme PROM #2 TRUTH TABLE 
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MOTOROLA 


225 MHz DUAL MODULUS PRESCALER 


The MC12015, MC12016 and MC12017 are two-modulus pre- 
scalers which will divide by 32 and 33, 40 and 41, and 64 and 65 
respectively. An internal regulator is provided to allow these 
devices to be used over a wide range of power-supply voltages. 
The devices may be operated by applying a supply voltage of 5.0 
Vdc + 10% at pin 7 or by applying an unregulated voltage source 
from 5.5 Vdc to 9.5 Vdc to pin 8. 


@ 225 MHz Toggle Frequency 
Low-Power — 7.5 mA Max at 6.8 V 
Control Input and Output are Compatible with Standard CMOS 
Connecting Pins 2 and 3 Allows Driving One TTL Load 
Supply Voltage 4.5 V to 9.5 V 


MAXIMUM RATINGS 








ELECTRICAL CHARACTERISTICS (Vcc = 5.5 to 9.5, Vreg = 4.5 to5.5V 
Ta = -40°C to +85°C) 


symbot_ | min | Typ [unit 
Toggle Frequency 
(Sine wave input) [fin | — | 
Supply Current — 
Control Input High 2.0 
(+32, 40 or 64) 
Control Input Low 
(+33, 41 or 65) 












Ic 
Output Voltage High” VOH 25 a = V 
(Ilsource = 50 uA) . 
VOL 


Output Voltage Low* 
(Isink =2 mA) 








Input Voltage Sensitivity 


Vin 
35 MHz | 400 800 
50-225 MHz * 200 800 mVPP 
PLL Response Time tPLL tout -70 ns 
(Notes 1 and 2) 


Notes: 
1. tp. =the period of time the PLL has from the prescaler rising output transition (50%) 
to the modulus control input edge transition (50%) to ensure proper modulus selection. 


2. tout = period of output waveform. 


*Pin 2 connected to Pin 3 





MC12015 
MC12016 
MC12017 


MECL PLL COMPONENTS 


225 MHz DUAL 
MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


L SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751 


& 





PRESCALER BLOCK DIAGRAM 


Control 






2 Active 
O Pullup 


O Output 





Voltage 
Regulator 


1. Vreg @ pin 7 is not guaranteed to be between 
4.5 and 5.5 V when Vcc is being applied to pin 8. 

2. Pin 7 is not to be used as a source of regulated 
output voltage. 


(AA) MOTOROLA - -MC12018 


MECL PLL COMPONENTS 


520 MHz + 128/129 
DUAL MODULUS 
PRESCALER 


520 MHz DUAL MODULUS PRESCALER 


The MC12018 is a two-modulus prescaler which divides by 128 
and 129. An internal regulator is provided to allow this device to 
be used over a wide range of power-supply voltages. The devices 
may be operated by applying a supply voltage of 5.0 Vdc +10% 
at pin 7 or by applying an unregulated voltage source from 5.5 
Vdc to 9.5 Vdc to pin 8. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


. 


a 
L SUFFIX R 
CERAMIC PACKAGE 
CASE 693 


@ 520 MHz Toggle Frequency 


@ Low-Power — 8.0 mA Typical 
e Control Input ls Compatible with Standard CMOS and TTL 
e Supply Voltage 4.5 V to 9.5 V 


D SUFFIX 
S&S PLASTIC SOIC PACKAGE 


CASE 751 











PRESCALER BLOCK DIAGRAM 





Control 


MAXIMUM RATINGS 


Regulated Voltage, Pin 7 













ELECTRICAL CHARACTERISTICS (Vcc = 5.5 to 9.5, Vreg = 4.5 to 5.5 V 
Ta = —40°C to +85°C) 







‘Regulator 


0.1 uF 










1. Vreg @ pin 7 is not guaranteed to be between 
4.5 and 5.5 V when Vez is being applied to pin 8. 

2. Pin 7 is not to be used as a source of regulated 
output voltage. 

3. 10KQ. pulldown recommended with negative 

edge output. (pin 2). 







Input Voltage Sensitivity 
75 MHz 
125-520 MHz 







Notes: 
1. tpLL = the period of time the PLL has from the prescaler rising output transition (50%) to 
the modulus control input edge transition (50%) to ensure proper modulus selection. 
2. tout = period of output waveform 
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(MA) MOTOROLA 


MECL PLL COMPONENTS 


225 MHz + 20/21 
DUAL MODULUS 
PRESCALER 


225 MHz DUAL MODULUS PRESCALER | 


The MC12019isa divide by 20 and 21 two-modulus prescaler. It 
will divide by 20 when the modulus control input is high and by 21 


dogo) _P SUFFIX 
when the modulus control input is low. 


PLASTIC PACKAGE 
CASE 626 


es 


@ 225 MHz Toggle Frequency 


& Low-Power—7.5 mA Max at 5.5 V 


L SUFFIX 
CERAMIC PACKAGE 
CASE 693 


® Control Input Compatible with Standard Motorola CMOS 
Synthesizers 


@ Emitter Follower Outputs 
D SUFFIX 


KS PLASTIC SOIC PACKAGE 


CASE 751 







MAXIMUM RATINGS 


[____Characterste_————*| Symbot | Range | Unt] 
[Power Supply Voge, Pin? ———«d;'~—Sg_~=| 80 | vo 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = —40° to +85°C) a al 


| Characteristic | Symbol | 
Toggle Frequency fmax 
(Sine Wave Input) | fmin 

Supply Current | tee | 


Icc 

Control Input High VIH 
(+20) 

VIL 


















PRESCALER BLOCK DIAGRAM 












Control Input Low 





(+21) 
Output Voltage Swing 
Input Voltage Sensitivity Vin | 


20-225 MHz 


PLL Response Time 
(Notes 1 and 2) 





Notes: 
1. tpt = the time the PLL has from the prescaler rising output transition (50%) to the modulus 
control input edge transition (50%) to ensure proper modulus selection. 
2. tout = period of output waveform. 
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(AA) MOTOROLA 


1.1 GHz DUAL MODULUS PRESCALER 


The MC12022A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's 
MC145xxx series in a PLL to provide tuning signals up to 1.1 GHz 
in programmable frequency steps. 

The MC12022B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu’s 
MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/ 
129 divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number 
after SW has been biased to select the desired divide ratio. 


@ 1.1.GHz Toggle Frequency 

@ Supply Voltage of 4.5 to 5.5 V 

@ Low Power 7.5 mA Typical 

' @ Operating Temperature Range of — 40°C to + 85°C 

@ Short Setup Time (tget) 16 ns Maximum @ 1.1 GHz 

@ Modulus Control Input Level is Compatible with Standard | 
CMOS and TTL. Maximum Input Voltage Should be Limited | 
to 6.5 Vdc. | a 


MAXIMUM RATINGS 
Characteristic 


Ts 
Mc 











Characteristic 


Toggle Frequency ft 
(Sine Wave Input) 
Icc 
Vin 


Supply Current Output Unloaded 
(Pin 2) 


Modulus Control Input High (MC) VIH1 


Modulus Control Input Low (MC) | Vir | — | 
Divide Ratio Control Input High (SW) Vin2 
Divide Ratio Control Input Low (SW) ine _[ 
Output Voltage Swing Loe 

(CL = 12 pF, Ry = 2.2 kQ) 
es 


Modulus Setup Time MC to Out 


Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 


Output Current CL = 12 pF, Ry = 2.2 kO Lig 


100 
400 
ee 
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Cone | 


MC12022A/ 
MC12022B 


MECL PLL COMPONENTS 


1.1 GHz + 64/65, + 128/129 
DUAL MODULUS 
PRESCALER 


-P SUFFIX 
PLASTIC PACKAGE 


CASE 626 - 


2. _D SUFFIX | 
°< <a PLASTIC SOIC PACKAGE 


CASE 751 





1 






















PRESCALER 
PIN ASSIGNMENT 


(Top View) 





Note 1: 
For positive edge triggered synthesizers, 
order the MC12022A. 

For negative edge triggered synthesizers, 
order the MC12022B. 


Note: SW: H = Vcc, L = open 
MC: H = 2.0 V to Vcc 
L = Gnd to 0.8 V 





MC12022A e MC12022B 


LOGIC DIAGRAM (MC12022A) FIGURE 1 — MODULUS SETUP TIME 


Prop. Delay — > 









In 


Out 


MC 
MC Setup 


~——pe-} |<a— MC Release 


Modulus setup time MC to out is the MC 
setup or MC-release plus the prop. delay. 








FIGURE 2A — +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 2B — +128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED 


FIGURE 3 — AC TEST CIRCUIT 


O Vcc = 4.5 to 5.5V 









Sine Wave Generator 
C1 


50 0; 


oO 
—_ 
i 


= C2 = 1000 pF 

C3 = 0.1 uF 

CL = 12 pF (including Scope 
and jig capacitance) 


MC Input RE = 2.2 kQ 
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AMPLITUDE DBM 


INPUT 


OUTPUT 


FIGURE 4 — MC12022 TYPICAL CHARACTERISTIC CURVES 


MC12022A e MC12022B 


FIGURE 4A — INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY. DIVIDE RATIO = 128 





OHMS 


FIGURE 4C — TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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0.7 


0.8 


0.9 


2500 


1250 
710 
400 
225 


RMS 
MILLIVOLTS 


mV, p-p 





(A) MOTOROLA 


1.1 GHz LOW VOLTAGE DUAL MODULUS PRESCALER 


The MC12022LVA can be used with CMOS synthesizers requiring . 
positive edges to trigger internal counters such as Motorola’s MC145xxx 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 4 

The MC12022LVB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu’s MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW - 
has been biased to select the desired divide ratio. 


1.1 GHz Toggle Frequency 

Supply Voltage of 2.7 to 5.0 V 

Low Power 4.0 mA Typical @ Vcc = 2.7 V 

Operating Temperature Range of — 40°C to +85°C 

Short Setup Time (tsgt) 16 ns Maximum @ 1.1 GHz 
Modulus Control Input Level is Compatible with Standard 
CMOS and TTL 
















Design Criteria 
Internal Gate Count* | ey 
Internal Gate Propagation Delay | 200 


. . 


Internal Gate Power Dissipation 


Speed Power Product 


*Equivalent to a two-input NAND gate. 
MAXIMUM RATINGS 


[Characteristic ——=~=SC=*r Symbol] Range 
Power Supply Voltage, Pin 2 —0.5 to +7.0 
Operating Temperature Range ~40 to +85 














| Unit_| 
—0.5 to +6.5 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0 V, Ta = ~40°C to +85°C) 


Modulus Control Input, Pin 6 








Symbot | Min | Typ 
Toggle Frequency (Sine Wave Input) ft for | 14 | 1.1 


Supply Current Output ICCL 

Unloaded (Pin 2) @ 2.7 Vdc 
Supply Current Output ICCH 
Unloaded (Pin 2) @ 5.0 Vdc 
Modulus Control Input High (MC) View | 20[ — | 
Modulus Control Input Low (MC) | Vir | — | — | 
Divide Ratio Control Input High (SW) ViH2 Vec ! Vec 

OPEN| OPEN 


Divide Ratio Control Input Low (SW) VIL2 E 


Output Voltage Swing Vout 1.6 
(CL = 12 pF, RL = 2.2 kQ @ 5.0 Vdc) 


[Modulus Setup Time MCto Out | we [ — | 
100 
cs 


Input Voltage Sensitivity @ 250-1100 MHz] Vjp Min 1500 
100-250 MHz 1500 


Output Current Cy = 12pF,RL= 22k | Io | 2.0 


3] 3 
> > 







Output Voltage Swing 
(CL = 12 pF, RL = 1.1 kD W 2.7 Vdc) 


Vp-p 


< 
OQ 
oO 
< 
[os 
rs) 
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-MC12022LVA 
MC12022LVB 


MECL PLL COMPONENTS 


1.1 GHz +64/65, + 128/129 
LOW VOLTAGE 
DUAL MODULUS 


 P SUFFIX 
~~ PLASTIC PACKAGE 
CASE 626 


| BB: D SUFFIX 
8 Se SOIC PACKAGE 


1 CASE 751 


ORDERING INFORMATION 


MC12022LVAP/BP 
MC12022LVAD/BD 


Plastic 
SOIC 


Note: For positive edge triggered synthesizers, 
order the MC12022LVA 


For Negative edge triggered synthesizers, 
order the MC12022LVB 


PRESCALER 
PIN ASSIGNMENT 


(Top View) 





FUNCTION TABLE 
[mc | Divide Ratio 


a ae 
ee 
Note: SW: H = Vcc, L = Open 
MC: H = 2.0VtoVcc 
L = Gnd to 0.8 V 


MC12022LVA e MC12022LVB 


LOGIC DIAGRAM (MC12022LVA) FIGURE 1 — MODULUS SETUP TIME 













Prop. Delay — 








MC Setup 
—p-| |~<a— MC Release 


Moduius seiup time MC io out is the MC 
setup or MC release plus the prop. delay. 


300m; 


FIGURE 2A — +64, 500 MHz, 5.0 V, + 25°C, OUTPUT LOADED FIGURE 2B — +128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED 


FIGURE 3 — AC TEST CIRCUIT 


O Vcc = 2.7 Vdc to 5.0 Vde 





SINE WAVE GENERATOR 


50 


C1 = C2 = 1000 pF 

C3 = 0.1 uF 

CL = 12 pF (Inc Scope & 
Jig Capacitance) 

Ry = 2.2kQ @ +5.0 Vde 

4 1.1kQ @ +2.7 Vde 


Input 
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AMPLITUDE DBM 


INPUT 


OUTPUT 









MC12022LVA @ MC12022LVB 


FIGURE 4A — INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY 








































DIVIDE RATIO = 128 
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FIGURE 4B — OUTPUT AMPLITUDE versus INPUT FREQUENCY 
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_ FIGURE 4C — TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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MILLIVOLTS 


(AA) MOTOROLA 


1.1 GHz DUAL MODULUS PRESCALER 


The MC12022SLA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145xxx 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC12022SLB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu’s MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide 
ratio as desired. 

~The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


@ 1.1 GHz Toggle Frequency 

@ Supply Voltage of 4.5 to 5.5 V 

@ Low Power 4.0 mA Typical 

@ Operating Temperature Range of — 40°C to + 85°C 

@ Short Setup Time (tset) 16 ns Maximum @ 1.1 GHz 

@ Modulus Control Input Level is Compatible with Standard 
CMOS and TTL 


Design Criteria | Value {| Unit 
internal Gate Count™ 7 |e 







Internal Gate Propagation Delay 
Internal Gate Power Dissipation 


*Equivalent to a two-input NAND gate. 
MAXIMUM RATINGS 


[—CCharacteritio ————~«( Symbol unit 


Characteristic 


















z 
< 
TG 


[Toggle Frequency (Sine Wave input | | 01 | 14 
[Supply Current Output Unloaded (Pin 2) | lec | — | 40 
[Modulus Control Input High (MC) | Vin | 20 | —_ 
[Modulus Control input tow mc) | Vir | — | —_ 
[Divide Ratio Control input Low (SW) | Viz [OPEN] OPEN 
Output Voltage Swing Vout 1.0 1.6 
Oe eer dew | om || 
[Modulus Setup Time MCto Out | tser_| — | 11 | 
[| = 
100-250 MHz 400 
ed 


Output Current CL = 8 pF, RL = 4.4 kO | Io | — | 
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MC12022SLA 
MC12022SLB 


MECL PLL COMPONENTS 


1.1 GHz + 64/65, + 128/129 
DUAL MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 


CASE 626 3 


D SUFFIX 


3 & PLASTIC SOIC PACKAGE 
CASE 751 
: 3 


PRESCALER 
PIN ASSIGNMENT 


(Top View) 


Note 1: 
For positive edge triggered synthesizers, 
order the MC12022SLA. 
For negative edge triggered synthesizers, 
order the MC12022SLB. 








MC12022SLA @¢ MC12022SLB 


LOGIC DIAGRAM (MC12022SLA) FIGURE 1 — MODULUS SETUP TIME 


Prop. Delay —= 







MC Setup 
—~p-| |—<a— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 





FIGURE 2 — TYPICAL OUTPUT WAVEFORMS 





FIGURE 2A — +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 2B — +128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED 


FIGURE 3 — AC TEST CIRCUIT 


O Vcc = 45 to 5.5 V 








Sine Wave Generator 


50 


C1 = C2 = 1000 pF 

C3 = 0.1 uF 

C. = 8 pF (Including Scope 
and jig capacitance) 


MC Input RL = 4.4 kO 
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AMPLITUDE DBM 


INPUT 


OUTPUT 





MC12022SLA @ MC12022SLB 


FIGURE 4 — MC12022SL TYPICAL CHARACTERISTIC CURVES 


FIGURE 4A — INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY 
DIVIDE RATIO = 128 














RMS 























MILLIVOLTS 


250 500 750 1000 1250 1500 1750 2000 2250 2500 


FREQUENCY (MHz) 


FIGURE 4C — TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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MC12022TSA 
(AA) nee nanan MC12022TSB 


1.1 GHz DUAL MODULUS PRESCALER 


The MC12022TSA can be used with CMOS synthesizers requiring pos- MECL PLL COMPONENTS 
itive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. a fe 

The MC12022TSB can be used with CMOS synthesizers requiring neg- ol pr anne 
ative edges to trigger internal counters such as Fujitsu’s MB87001. PRESCALER 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


@ 1.1 GHz Toggle Frequency 

@ Supply Voltage of 4.5 to 5.5 V P SUFFIX 

@ Low Power 4.0 mA Typical PLASTIC PACKAGE 

® Operating Temperature Range of — 40°C to +85°C CASE 626 

@ Short Setup Time (tset) 16 ns Maximum @ 1.1 GHz 

@ Modulus Control Input Level is Compatible with Standard 
CMOS and TTL 

@ Output Load Resistor on Die 





D SUFFIX 


‘ Se PLASTIC SOIC PACKAGE 


CASE 751 





1 










[Design Griteria—=S*S*~“‘*‘“~*~*~*~dSCS*C« SSCS 
Pinternal Gate Count™ ——=Ss=~=“‘*‘“‘*S*S*rSC‘aYSC“‘(gTWSCO# 
internal Gate Propagation Delay ——~—=dY «200 Ss 
Speed Power Product 


*Equivalent to a two-input NAND gate. 


MAXIMUM RATINGS 


p___Characteristic————~—~S~«Symba| tie 


[Characteristic _—_—_—| Symbol 
, 

[Supply Current Output ==) eg — | 
[Modulus Control Input Low (MC) | Vu | — | — 
Divide Ratio Control Input Low (SW) | Viuz [OPEN] OPEN. 
Output Votage Swing (CL = @pF | Vour | 1.0 | 
[Modulus Setup Time MCto Out | tser | — 


Input Voltage Sensitivity 250-1100 MHz Vin 100 
100-250 MHz 400 













PRESCALER 
PIN ASSIGNMENT 








































(Top View) 


So 
—_ 







WARNING: DO NOT CONNECT PIN 7. 
LEAVE PIN 7 OPEN. 









a 
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MC12022TSA @ MC12022TSB 


LOGIC DIAGRAM (MC12022TSA) FIGURE 1 — MODULUS SETUP TIME 


Prop. Delay — = 








MC Setup 


—p-| |<a—. MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 





FIGURE 2 — TYPICAL OUTPUT WAVEFORMS 


00m; 





FIGURE 2A — +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 2B — +128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED 


FIGURE 3 — AC TEST CIRCUIT 


O Vcc = 4.5 Vdc to 5.5 Vde 







Sine Wave Generator 


50 © 


C2 = 1000 pF 

0.1 uF 

8 pF (Including Scope 
and jig capacitance) 


C1 = 
C3 = 
Cl = 


MC Input 
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(A) MOTOROLA 


1.1 GHz Low Voltage 
Dual Modulus Prescaler 


The MC12022TVA can be used with CMOS synthesizers requiring positive 
edges to trigger internal counters such as Motorola’s MC145XXX. 

A Divide Ratio Control (SW) permits selection of a 64/64 or 128/129 divide ratio 
as desired. 7 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 


®@ 1.1 GHz Toggle Frequency 

@ Supply Voltage of 2.7 to 5.0 V 

@ Low Power 4.0 mA Typical @ Vcc =. 2.7 V. 

® Operating Temperature Range of ~ 40°C to +85°C 
@ Short Setup Time (tset) 16 ns Maximum @ 1.1 GHz 


@ Modulus Control Input Level.is Compatible with Standard CMOS and 


e Output Load Resistor on Die . 


MAXIMUM RATINGS = | 
| Characteristic 


Vde 
~ 
°C 
Vde | 










se -65t0+150 | °C | 
Modulus Control Input, Pin 6 ~0.5t0+6.5 | vac | 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0 Vdc, Ta = -40°C 
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MC12022TVA 


MECL PLL COMPONENTS 


1.1 GHz + 64/65, + 128/129 
LOW VOLTAGE 
DUAL MODULUS 
PRESCALER 


4 


PSUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751 





PIN ASSIGNMENTS 
(Top View) 





Note: SW: H = Vcc, L = Open 
MC: H = 2.0 V to Vcc, L = Gnd to 0.8 V 


MC12022TVA 


MC Setup MC 





——»>| }«— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 1. Logic Diagram (MC12022TVA) Figure 2. Modulus Setup Time 


TYPICAL OUTPUT WAVEFORMS 


ERRESE RE 
PEt tT 





ing 
Lo 
= 
lee 
EY 
c 
i 
bed 





0 40 80 120 160 200 0 40 80 120 160 200 
TIME (nS) TIME (nS) 


Figure 3. +64, 500 MHz, 5.0 V, +25°C, Output Loaded Figure 4. +128, 1.1 GHz, 5.0 V, +25°C, Output Loaded 


O Vcc = 2.7 to +5.0 Vde 






Sine Wave Generator 


50Q 


C3 = 0.1 Spf 
CL = 8 pf (Including Scope 
and jig capacitance) 


L qc IN CL G1 = C2 = 1000p 


@ 
MC Input 


Figure 5. AC Test Circuit 
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(AA) MOTOROLA | MC12022TVB 


| MECL PLL COMPONENTS 
1.1 GHz LOW VOLTAGE DUAL MODULUS PRESCALER : 


The MC12022TVB can be used with CMOS synthesizers requiring negative edges 1.1 GHz + 64/65, + 128/129 
to trigger internal counters such as Fujitsu’s MB87001. LOW VOLTAGE 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide ratio DUAL MODULUS 
as desired. 


The Modulus Control (MC) selects the proper divide number after SW has been PRESCALER 


biased to select the desired divide ratio. 





@ 1.1 GHz Toggle Frequency 

@ Supply Voltage of 2.7 to 5.0 V 

@ Low Power 4.0 mA Typical @ Vcc = 2.7 V 

e@ Operating Temperature Range of — 40°C to +85°C 

@ Short Setup Time (tset) 16 ns Maximum @ 1.1 GHz 

@ Modulus Control Input Level is Compatible with Standard CMOS and 
TTL . 

@ Output Load Resistor on Die 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 





D SUFFIX 
: & PLASTIC SOIC PACKAGE 
: CASE 751 
; | 





Design Criteria 


Internal Gate Count* 
Internal Gate Propagation Delay | 200 [ops 

















Internal Gate Power Dissipation 


*Equivalent to a two-input NAND gate. 





PRESCALER 
PIN ASSIGNMENT 


MAXIMUM RATINGS 


[Characteristic ——~=~S*~*rt Symbol | Range [Unit 
Operating Temperature Range 
°C 
i MC ; Vdc 





















Storage Temperature Range —65 to +150 io 
Modulus Control Input, Pin 6 | Mc | -~0.5 to +6.5 | Vde | 


Symbol 
Toggle Frequency (Sine Wave Input) 


Supply Current Output Unloaded ICCL 
(Pin 2) at 2.7 Vde 

Supply Current Output Unloaded ICCH 
(Pin 2) at 5.0 Vde 
















| Typ_| Max _| 
cas 
ee 
| — | 08 


Typ 
Divide Ratio Control Input High (SW) | Vina | Vcc 
Divide Ratio Control Input Low (SW) VIL2 | OPEN | OPEN | 
aA a 


Output Voltage Swing Vout 
(CL = 8 pF @ 2.7 Vdc) 
Output Voltage Swing Vout 
(CL = 8 pF @ 5.0 Vdc) 
1500 | mVpp 
1500 





Note: SW: H = Vcc, L = open 
MC: H = 2.0VtoVcc 
L = Gnd to 0.8 V 















Modulus Setup Time MC to Out tSET 


Input Voltage Sensitivity 250-1100 MHz Vin 100 
100-250 MHz 400 
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MC12022TVB 


LOGIC DIAGRAM (MC12022TVB) FIGURE 1 — MODULUS SETUP TIME 








Prop. Delay — = 





MC Setup 


—pe-| |—<— MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 


FIGURE 2 — TYPICAL OUTPUT WAVEFORMS 





FIGURE 2A — +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 2B — ~+128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED 


FIGURE 3 — AC TEST CIRCUIT 


O Vcc = 2.7 Vdc to 5.0 Vde 






Sine Wave Generator 
50 

C1 

C3 = 0.1 pF 

CL 


0.1 
= 8 pF (Including Scope 


MC Input and jig capacitance) 
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(MA) MOTOROLA 


225 MHz PRESCALER 


The MC12023 is a prescaler which will divide by 64. This device 
may be operated over supply voltage range of 3.2 to 5.5 V. 


~ @ 225 MHz Toggle Frequency 
© ‘Low Power—4.8 mA Maximum at 5.5 V 
® Operating Supply Voltage — 3.2 V to 5.5 V 
® Connecting Pins 2 and 3 Allows Driving One TTL Load 


MAXIMUM RATINGS 


[Characteristic _——«|—Symbol_| Range | 
Vcc 
TA 















Power Supply Voltage | vec | oto+ao | Vdc 
Operating Temperature Range | tT] | O0to+70 | °C 
Storage Temperature Range —65 to +175 


ELECTRICAL CHARACTERISTICS (Vcc = 3.2 to 5.5 V, Ta = 0°C to +70°C) 


Characteristic 


Toggle Frequency 
(Sine wave input) 
Supply Current @ 5.5 V Icc 


Output Voltage High* VOH 
(lsource = 50 wA, Vcc = 3.2 V) 





Output Voltage High* 
(source = 50 wA, Voc = 5.0 V) 


Output Voltage Low* 
(Isink = 2.0 mA) 
Input Voltage Sensitivity 


35 MHz 
50-225 MHz 


*Pin 2 connected to Pin 3 
**Vcc = 4.5V 
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MECL PLL COMPONENTS 


225 MHz +64 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE © 
CASE 626 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751 


m" 





PRESCALER BLOCK DIAGRAM 


To Vcc 





Active 
Pull-Up 


(AA) MOTOROLA 


520 MHz DUAL MODULUS PRESCALER 
The MC12025 is a dual modulus prescaler which divides by 64 
and 65. Supply voltages of 4.75 V to 5.25 V may be connected to 
Pin 8. 


@ 520 MHz Toggle Frequency 


@ Low-Power 9.5 mA Typical 
® Control Input ls Compatible with Standard CMOS and TTL 


e@ Supply Voltage 5.0 V, + 0.25 V 
@ Propagation Delay 30 ns Typical 





MAXIMUM RATINGS 


Toggle Frequency 
(Sine Wave Input) 
Supply Current (Pin 8) 


Control Input High 
(+ 64) 

Control Input Low 
(+ 65) 


Output Voltage 


Input Voltage Sensitivity 
30 MHz 
100-520 MHz 


PLL Response Time 
(Notes 1 and 2) 


Note 1. tp_L = The period of time the PLL has from the rising output transition to the 










Modulus Control input edge transition to ensure proper modulus selection. 


Note 2. toyt = Period of output waveform. 
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MECL PLL COMPONENTS 


520 MHz = 64/65 
DUAL MODULUS 
PRESCALER 


PIN ASSIGNMENTS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
<i PLASTIC SOIC PACKAGE 
CASE 751 








Modulus 
Control ‘S 
Input 


0.001 uF 


Oo 


Signal 


nee 
t.. 0.00 





(MA) MOTOROLA 


1.1 GHz DUAL MODULUS PRESCALER 


The MC12028A can be used with CMOS synthesizers requiring positive edges to 
trigger internal counters such as Motorola’s MC145xxx series in a PLL to provide 
tuning signals up to 1.1 GHz in programmable frequency steps. 

The MC12028B can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters such as Fujitsu’s MB87001. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 divide ratio as 
desired. 

The Modulus Control (MC) selects the proper divide number after SW has been 
biased to select the desired divide ratio. 


@ 1.1 GHz Toggle Frequency 

@ MC12028A for Positive Edge Triggered Synthesizers 

@ MC12028B for Negative Edge Triggered Synthesizers 

@ 6.5 mA Maximum, — 40°C to +85°C, Vcc = 5.5 Vde 

@ Modulus Control! Input is Compatible with Standard CMOS and TTL 
@ Low-Power 4.0 mA Typical 









Design Criteria 


[Interne Gate Count®@ ———=SsS~C~“~“~*~*~“~*‘~dtCSC*iaSC*‘d 
"internal Gate Power Dissipation ——~SCS~*~dtCSCiS | 


*Equivalent to a two-input NAND gate. 
MAXIMUM RATINGS 


Modulus Control Input, Pin 6 


















Symbol 

VCC 
TA 

C 


[Range [Unit 
P=aoto +05 | -c 
act 


dc 
-40 to +85 °C 
uM 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5 Vdc, Ta = —40°C to +85°C) 


| 
| 
























= 


—_ 
aS 


Modulus Control Input Low (MC) VILI 
Divide Ratio Control Input High (SW) VIH2 C 
Divide Ratio Control Input Low (SW) VIL2 


Output Voltage Swing Vout : 
(CL = 12 pF, Ry = 2.2 kQ) 


Modulus Setup Time MC to Out 


Input Voltage Sensitivity 250-1100 MHz Vin 
100-250 MHz 


Output Current CL = 12 pF, Rp = 2.2 kO 


< ND 
Oo ros) 


Bl al hc 


a 


S3s\i| 2 
oo oO 
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MC12028A 
MC12028B 


MECL PLL COMPONENTS 


1.1 GHz 
+ 32/33, +64/65 
DUAL MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751 


‘e 


1 


PRESCALER 
PIN ASSIGNMENT 


(Top View) 


Note 1: 





FUNCTION TABLE 


For positive edge triggered synthesizers, 
order the MC12028A. 


For negative edge triggered synthesizers, 
order the MC12028B. 






[Mc | Divide Ratio 
ed ee 
cara 
ea 


Vcc, L = open 
2.0 V to Vcc 
L = Gnd to 0.8 V 


MC12028A e MC12028B 


LOGIC DIAGRAM (MC12028A) FIGURE 1 — MODULUS SETUP TIME 


Prop. Delay —> 








MC Setup 


— pe} |~<a— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 








FIGURE 3 — AC TEST CIRCUIT 


O Vcc = 4.5 Vdc to 5.5 Vde 










Sine Wave Generator 


50 


C1 = C2 = 1000 pF 


C3 = 0.1 wF 
CL = 12 pF (Including Scope 
and jig capacitance) 
MC Input Rp = 2.2 kX 
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=zoo 





AcCcCVHAHCO 


MC12028A e MC12028B 


FIGURE 4 — TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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FIGURE 5 — INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY. DIVIDE RATIO = 32 
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(MA) MOTOROLA 


Advance Information 
2.0GHz Low Voltage Dual 
Modulus Prescaler 


The MC12031 is a high frequency low voltage dual modulus prescaler used 
in phase-locked loop (PLL) applications. A high frequency input signal up to 
2.4GHz is provided for cordless and cellular communication services such as 
DECT, PHP, and PCS. 

The MC12031A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola’s MC145XXX series in a 
PLL to provide tuning signal up to 1.1GHz in programmable frequency steps. 
The MC12031B can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 


2.0GHz Toggle Frequency 

Supply Voltage 2.7V to 5.0Vdc 

Low Power 10.0mA Typical at Vcc = 2.7V 

Operating Temperature Range of —40 to +85°C 

The MC12031 is Pin and Functionally Compatible with the MC12022 
Short Setup Time (tset) 8ns Typical at 2.0GHz 

Modulus Control Input Level is Compatible with Standard CMOS and TTL 


Pinout: 8-Lead Plastic (Top View) 
IN. NC MC’ GND 
8 | [6] 15] 
it} Le} [sy [a 

IN Voq SW OUT 


For positive edge triggered synthesizers, order the MC12031A 
For negative edge triggered synthesizers, order the MC12031B 


MAXIMUM RATINGS 






Voc 
TA | 
Storage Temperature Range 





hWeG. Power Supply Voltage, Pin 2 —0.5 to +7.0 
; Saas Operating Temperature Range 


Modulus Control Input, Pin 6 —0.5 to +6.5 


MC12031A 


MC12031B 





MECL PLL COMPONENTS 
64/65, +128/129 


2.0GHz Low Voltage 
Dual Modulus Prescaler 








1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


@ 


1 
D SUFFIX 


PLASTIC SOIC PACKAGE 
CASE 751 


FUNCTION TABLE 





Note: SW: H = Voc, L = OPEN 
MC: H = 2.0V to Vcc; L = GND to 0.8V 





—40 to +85 


[unit 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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~ MC12031A e MC12031B 


ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.0V; Ta = —40 to +85°C) 


Toggle Frequency (Sine Wave) 


aoe Supply Current Output (Pin 2) 


VIH1 Modulus Control Input HIGH (MC) 
ViIL4 Modulus Control! Input LOW (MC) 
VIH2 Divide Ratio Control Input HIGH (SW) 


Divide Ratio Control Input LOW (SW) 
VouT Output Voltage Swing (Note 1) Cy = 8pF; Ry = 1.2kQ 


Modulus Setup Time MC to OUT @ 2000MHz 
Input Voltage Sensitivity 500-2000MHz 


Output Current (Note 2) Voc =2.7V, CL = 8pF, Ry = 1.2kQ 
; Vcc = 5.0V, CL = 8pF, Rp = 3.0kQ 
1. Valid over voltage range 2.7 to 5.0V; Rr = 1.2kQ @ Voc = 2.7V; RL = 3.0kQ @ Voc = 5.0V 
2. Divide ratio of +64/65 @ 2.0GHz 





MC Setup MC 


MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 1. Logic Diagram (MC12031A) Figure 2. Modulus Setup Time 


O Vcc = 2.7 to 5.0V 






Sine Wave Generator 


50Q ; 
=. iN CL C1 = C2 = 1000pF 





C3 = 0.1uF 

CL = 8pF (Including Scope 
and jig capacitance) 

Ri = 1.2kQ @ Vcc = 2.7V 

Ri = 3.0kQ @ Vcc = 5.0V 

MC Input . 


Figure 3. AC Test Circuit 
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MC12032A 


2.0 GHz DUAL MODULUS PRESCALER 
MECL PLL COMPONENTS 


The MC12032A can be used with CMOS synthesizers requiring positive edges to 2.0 GHz 
trigger internal counters such as Motorola’s MC145xxx series in a PLL to provide + 64/65, + 128/129 
tuning signals up to 2.0 GHz in programmable frequency steps. DUAL MODULUS 

The MC12032B can be used with CMOS synthesizers requiring negative edges PRESCALER 


to trigger internal counters such as Fujitsu’s MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has been 
biased to select the desired divide ratio. 


@ 2.0 GHz Toggle Frequency 
@ MC12032A for Positive Edge Triggered Synthesizers P SUFFIX 

® MC12032B for Negative Edge Triggered Synthesizers PLASTIC PACKAGE 
@ 12 mA Maximum, — 40°C to +85°C, Vcc = 5.5 Vde CASE 626 

@ Modulus Control Input Level is Compatible with Standard CMOS and TTL 
@ Low-Power 8.5 mA Typical 





Re D SUFFIX 
8 <e SOIC PACKAGE 


1 CASE 751 


ORDERING INFORMATION 


MC12032AP/BP Plastic 
MC12032AD/BD SOIC 


Note: For positive edge triggered synthesizers, 
order the MC12032A 


For Negative edge triggered synthesizers, 
order the MC12032B 


eo ee ee ee 






Internal Gate Propagation Delay 


Internal Gate Power Dissipation 











PRESCALER 
PIN ASSIGNMENT 









*Equivalent to a two-input NAND gate. 
MAXIMUM RATINGS 


[Characteristic _—_—_——‘([Symbot| Range | Unit 














Unloaded (Pin 2) 


Divide Ratio Control Input Low (SW) 


Output Voltage Swing 
(CL = 12 pF, RE = 2.2 kQ) 


Modulus Setup Time MC to Out 
Input Voltage Sensitivity @ 500-2000 MHz 
Output Current CL = 12 pF, RL = 2.2 kO | io 6[ — | 


Characteristic 
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MC12032A e MC12032B 


LOGIC DIAGRAM (MC12032A) | FIGURE 1 — MODULUS SETUP TIME 






Prop. Delay —t 








MC Setup 
——p} |—a— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 


FIGURE 2A — +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 2B — +128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED 


FIGURE 3 — AC TEST CIRCUIT 


Vcc = 4.5 Vdc to 5.5 Vde 





Sine Wave Generator 


50 2 


C1 = C2 = 1000 pF 

C3 = 0.1 pF 

CL = 12 pF (Inc Scope & 
Jig Capacitance) 

RL = 2.2 kQ . 





Input 
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AMPLITUDE DBM 


INPUT 


: 


QUTPUT 


MC12032A e MC12032B 


FIGURE 4A — INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY 
DIVIDE RATIO = 128 
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FIGURE 4C — TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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RMS 


MILLIVOLTS 





(M\) MOTOROLA 


Advance Information 
2.0GHz Low Voltage Dual 
Modulus Prescaler 


The MC12083 is a high frequency low voltage dual modulus prescaler used 
in phase-locked loop (PLL) applications. A high frequency input signal up to 
2.4GHz is provided for cordless and cellular communication services such as 
DECT, PHP, and PCS. 

The MC12033A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola’s MC145XXX series in a 
PLL to provide tuning signal up to 1.1GHz in programmable frequency steps. 


The MC12033B can be used with CMOS synthesizers requiring negative edges | 


to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 


2.0GHz Toggle Frequency 

Supply Voltage 2.7V to 5.0Vdc 

Low Power 10.0mA Typical at Voc = 2.7V 

Operating Temperature Range of —40 to +85°C 

The MC12033 is Pin and Functionally Compatible with the MC 12022 
Short Setup Time (tset) 8ns Typical at 2.0GHz 

Modulus Control Input Level is Compatible with Standard CMOS and TTL 


Pinout: 8-Lead Plastic (Top View) 


NC MC GND 


N 

fe] |7| fel js 

rT GT | 
IN Vog SW OUT 


For positive edge triggered synthesizers, order the MC12033A 
For negative edge triggered synthesizers, order the MC12033B 


MAXIMUM RATINGS 









Power Supply Voltage, Pin 2 ~0.5 to +7.0 | Vde 
Operating Temperature Range —40 to +85 ae 
Storage Temperature Range —65 to +150 a 

MC 


MC12033A 
MC12033B 


MECL PLL COMPONENTS 
+32/33, +64/65 


2.0GHz Low Voltage 
Dual Modulus Prescaler 


1 
P SUFFIX 


PLASTIC PACKAGE 
CASE 626 


& 


1 
D SUFFIX 


PLASTIC SOIC PACKAGE 
CASE 751 


FUNCTION TABLE 





Note: SW: H = Vcc, L = OPEN 
MC: H = 2.0V to Vcc; L = GND to 0.8V 






Vdc 
°C 
°C 

Vde 





|MC OY Modulus Control Input, Pin 6 —0.5 to +6.5 | Vde | 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC12033A e MC12033B 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0V; Ta = —40 to +85°C) 


Parameter 


Supply Current Output (Pin 2) 


Voc = 5.0V 


Modulus Control Input HIGH (MC) 
Modulus Control Input LOW (MC) GND 


Divide Ratio Controi lnput LOW (SW) 

Output Voltage Swing (Note 1) CL = 8pF; Ry. = 600Q 
Modulus Setup Time MC to OUT @ 2000MHz 

Input Voltage Sensitivity 500—2000MHz 


Output Current (Note 2) Voc = 2.7V, CL = 8pF, Ry = 6002 
1. Valid over voltage range 2.7 to 5.0V; Ry = 6002 @ Vcc = 2.7V; RL = 1.5kQ @ Voc = 5.0V 
2. Divide ratio of +32/33 @ 2.0GHz 





MC Setup MC 





~«—— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 1. Logic Diagram (MC12033A) Figure 2. Modulus Setup Time 


O Vcc = 2.7 to 5.0V 






Sine Wave Generator 





50Q 


C3 = 0.1uF 

Cy = 8pF (Including Scope 
and jig capacitance) 

Ry = 6002 @ Vcc = 2.7V 

Ri = 1.5kQ @ Vcc = 5.0V 


= if IN CL Ci = C2 = 1000pF 


® 
MC Input 


Figure 3. AC Test Circuit 
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(AA) MOTOROLA 


2.0 GHz Dual Modulus Prescaler 


The MC12034A can be used with CMOS synthesizers requiring positive edges to trig- 
ger internal counters such as Motorola’s MC 145xxx series in a PLL to provide tuning 
signals up to 2.0 GHz in programmable frequency steps. 

The MC12034B can be used with CMOS synthesizers requiring negative edges to 
trigger internal counters such as Fujitsu’s MB87001. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 divide ratio as de- 
sired. 

The Modulus Control (MC) selects the proper divide number after SW has been 
biased to select the desired divide ratio. : 


2.0 GHz Toggle Frequency 

MC12034A for Positive Edge Triggered Synthesizers 

MC12034B for Negative Edge Triggered Synthesizers 

12 mA Maximum, —40°C to +85°C, Voc = 5.5 Vde 

Modulus Control Input is Compatible with Standard CMOS and TTL 
Low-Power 8.5 mA Typical 


[intralGate Count” ——=SOSC~“~*~*“‘“*~“*~“*~*~*~dtCiC* 
Pa Gute Prpaaionbaey an | 
ET 1 a HT 


Leet to a two-input NAND gate. 


MAXIMUM RATINGS. 
Power Supply Voltage, Pin 2 V 


Operating Temperature Range rae ~—40 to +85 


Storage Temperature Range Tstg —65 to +150 
Modulus Control Input, Pin 6 | mc | —0.5 to +6.5 


This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, precau- 
tions must be taken to avoid applications of any voltage higher than maximum rated voltages to this hi-impedance circuit. For 
proper operation, Vj;, and Voz should be constrained to the range GND < (Vin or Voyt) < Voc- 


[_Charecteritio ‘| Symbol 
[Togse Frequency Sinewave) 
Supply Curent Output unloaded ina) | too 






















Output Voltage Swing 
(CL = 12 pF, Ry = 1.1 kQ) 
Modulus Setup Time MC to Out 
Input Voltage Sensitivity 500-2000 MHz 


Output Current 
(CL. = 12 pF, Rp = 1.1 kQ) 


0 


win [Typ 
| 05 | 24 | 2 
| — | es | 1 
| 20 | = | 
ae 
| vce | Vee | 
ide Rae Conrlipu tow Si) | “ving [OPEN [ore [Om 
ee Os 
eo 
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MC12034A 
MC12034B 


MECL PLL COMPONENTS 
2.0 GHz 
+ 32/33 
+ 64/65 
DUAL MODULUS PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


. D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751. 


‘GE 


1 








PRESCALER 
PIN ASSIGNMENT 


(TOP VIEW) 


Note 1: 


For positive edge triggered synthesizers, 
order the MC12034A. 


For negative edge triggered synthesizers, 
order the MC12034B. 


| FUNCTION TABLE 









Note: SW: H = Voc, L = open 
MC: H = 2.0 V to Voc 
L = Gnd to 0.8 V 


MC12034A e MC12034B 


LOGIC DIAGRAM (MC12034A) Figure 1. Modulus Setup Time 
PROP. DELAY 
IN 
OUT 
In : 
in MC 


MC SETUP 





MC RELEASE 


Modulus setup time MC to out is the MC 
setup or MC reiease pius the prop. delay. 





Figure 2. Typical Output Waveform 


et t= 





Figure 3. AC Test Circuit 


O Voc = 4.5 Vdc to 5.5 Vde 








C3 





SINE WAVE GENERATOR 
C1 


50 Q 


es 


Ci = C2 = 1000 pF 

C3 = 0.1 WF 

CL = 12 pF (INCLUDING SCOPE 
AND JIG CAPACITANCE) 


MC INPUT RL =1.1kQ 
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AC Vez 
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MC12034A e MC12034B 


Figure 4A. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 65 
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nA=2D 


MNAr-omt—rr-=s 


(AA) MOTOROLA 


1.1 GHz Dual Modulus Prescaler 
with Stand-By Mode 


The MC12036A can be used with CMOS synthesizers requiring positive edges 
to trigger internal counters such as Motorola’s MC145xxx series in a PLL to 
provide tuning signals up to 1.1 GHz in programmable frequency steps. 

The MC12036B can be used with CMOS synthesizers requiring negative 
edges to trigger internal counters such as Fujitsu’s MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 


@ 1.1 GHz Toggle Frequency | | 

@ MC12036A for Positive Edge Triggered Synthesizers 

@ MC12036B for Negative Edge Triggered Synthesizers 

@ Modulus Control! Input is Compatible with Standard CMOS and TTL 
e@ Supply Voltage 4.5 Vdc to 5.5 Vdc 


© Low-Power 4.0 mA Typical 
® Low Standby Current of 0.5 mA Typical 


Design Criteria [valve [unit | 
Internal Gate Propagation Delay | 200=S|—opss 











67 
Internal Gate Power Dissipation 













pJ 
V 


| Speed PowerProduct |S 

*Equivalent to a two-input NAND gate. 

MAXIMUM RATINGS 

[Characteristic | Symbol unit 








Modulus Control Input, Pin 6 0.5 to +6.5 


[Characteristic ———‘([Symboi| win | Typ | Max | Uni | 


Modulus Control input Low (MC) ViL4 | — | 
Divide Ratio Control Input High (SW) VIH 
Divide Ratio Control Input Low (SW) Vi 


Output Voltage Swing Vout 1.0 1.4 Vp- 
(CL = 8 pF) 


Modulus Setup Time MC to Out 
Input Voltage Sensitivity 250-1100 MHz Vin 100 1000 | mVpp 
400 1000 
Standby Current |_iss_ | — | o5 | — | ma | 









100-250 MHz 
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MC12036A 
MC12036B 


MECL PLL COMPONENTS 


1.1 GHz 
+ 64/65, + 128/129 
DUAL MODULUS PRESCALER 
WITH STAND-BY MODE 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC SOIC PACKAGE 
- CASE 751 


@ 


1 


PRESCALER 
PIN ASSIGNMENT 


IN| 1 
Vcc | 2 | 
sw| 3 
out| 4 | 


(TOP VIEW) 


Applying a Low to the 
Standby Pin 7 Disables 
the Device, Resulting 
in a Typical Current 
Draw of 0.5 mA 





FUNCTION TABLE 





Note: SW: H = Vcc, L = open 
SB &MC:H=2.0VtoVcco 
L=Gndto0.8V 


MC12036A @e MC12036B 


LOGIC DIAGRAM (MC12036A) FIGURE 1 — MODULUS SETUP TIME 


Prop. Delay 







MC Setup 


— MC Release - 


Modulus setup time MC to out is the MC 
sétup or MC release plus the prop. delay. 








FIGURE 2A — +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 2B — +128, 1.1 GHz, 5.0 V, +25°C, OUTPUT LOADED © 


FIGURE 3 — AC TEST CIRCUIT 


Y Voc = 4.5 Vde to 5.5 Vde 









Sine Wave Generator 





O Standby Input 


C1 = C2 = 1000 pF 
C3 = 0.1 uF 
CO, = 8 pF (Including Scope 


MC Input and jig capacitance) 
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(AA) MOTOROLA 


PHASE-FREQUENCY 
DETECTOR 


The MC12040 is a phase-frequency detector intended for use PHASE-FREQUENCY 
in systems requiring zero phase and frequency difference at lock. DETECTOR 
In combination with a voltage controlled oscillator (such as the 
MC1648), it is useful in a broad range of phase-locked loop ap- 
plications. Operation of this device is identical to that of Phase 
Detector #1 of the MC4044. A discussion of the theory of operation 
and applications information is given on the MC4344/4044 data 
sheet. 

P SUFFIX 
PLASTIC PACKAGE 
Operating Frequency = 80 MHz typical CASE 646 


L SUFFIX 
: | CERAMIC PACKAGE 
CASE 632 


FN SUFFIX i 
PLASTIC PACKAGE 
ape uiaal CASE 775 


0 3 U (fR>fy) 


LOGIC DIAGRAM 


PIN ASSIGNMENT 


© 12 D (fy>fr) 
0 11 D (fy>fr) 


INPUT ; OUTPUT 


Hi 
1 
0 
1 
1 
1 
1 
1 


Fal 
fC | 
9 | 
Ci 
Cl 


Vcc1=Pin 1 
Vcc2=Pin 14 
VEE: =Pin 7 


TRUTH TABLE 


This is not strictly a functional 
truth table; i.e., it does not cover all 
possible modes of operation. How- 
ever it gives a sufficient number of 
tests to ensure that the device will 
function properly in all modes of 
operation. 


GCOoOCOOlixk«Kx< x 


foooo|=as=|xxxx 
aaa[paaaloooo [xxx 


NC — No Connection 


X = Don’t Care 
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ELECTRICAL CHARACTERISTICS 


The MC12040 has been designed to meet the dc specifications shown in the 
test table after thermal equilibrium has been established. Outputs are ter- 
minated through a 50 ohm resistor to +3.0 V for +5.0 V tests and through 
a 50 ohm resistor to — 2.0 V for —5.2 V tests. 













TEST VOLTAGE VALUES 


(Vcc) 
Gnd 








Temperature 
orc [040 | 1870 | -i.tas [-1.490 [ 52 _| 
7 asec | _-oar0 _] 1860 | 1105 | -1475 [52 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Vina min| Vitamax| Vee 


7 





Characteristic 





Power Supply Drain Current lg 


Input Current jin 


Logic "1" Vou) | 
Output Voltage : 
2 
Logic ‘’0” VoLO 


Output Voltage © 
Vora@ 


| 
9 6 1,14 
6 9 

9 6 

6 9 


















Logic ‘1° 
Threshold Voltage 
























Logic ‘'0" 
Threshold Voltage 











TEST VOLTAGE VALUES 
(Volts) 













@ Test 
0° 73.130 







TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 





(Vee) 


Via min] Vitamax| Voc | Gnd 
ee oe ee eee ee 
uAdc ie] 7 
uAdc 9 7 


7 





Characteristic 


Power Supply Drain Current 


Logic "'t"’ 
Output Voltage 


Pin 
Under 
Symbol Test 


ace 
3 

























” 


Logic '’0 
Output Voitage 





Logic "1" 
Threshold Voltage 





Logic '’0” 
Threshold Voltage 
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MC12040 






AC TESTS 







To Scope Channel! A 






1 
PRF = 5.0 mHz en 
Duty Cycle = 50% To Scope Channel B 
t+ =t- =1.5ns + 0.2 ns 
Pulse 
Gen 2 
0.1 wF T Vee = —3.2 or -—3.0V 
t-— t+ iy 
NOTES: Pulse sass — 90% +44 
1. All input and output cables to the scope are Gen. 1 i i 10% 
equal lengths of 50 2 coaxial cable. ae a +0.3 V 
2. Unused input and outputs are connected to a Pulse 90% Tak 
50 12 resistor to ground. Gen. 2 50% . 
10% 
3. The device under test must be preconditioned t++ +0.3-V 
before performing the ac tests. Preconditioning ee t— t+ 
may be accomplished by applying pulse Output 80% 
generator 1 for a minimum of two pulses prior Waveform A 50% 3 
0% 


to pulse generator 2. The device must be 





preconditioned again when inputs to pins 6 t+ + 
and 9 are interchanged. The same technique Output 
applies. Waveform B 


TEST VOLTAGES/WAVEFORMS 
APPLIED TO PINS LISTED BELOW: 


VEE 
-3.00r| Vcc 
-3.2V | +2.0V 


+ 25°C | + 75°C 


Output 
Characteristic Waveform 


2 
Propagation Delay 4.6 5.0 





>w 


Output Rise Time 


Output Fall Time 





OOMDMD1O OD MD wcocenealE 
NADOWDIND MD O OO wovononel hE 


ey 
a 
oy 


PUOWrirawr/inrrwwyp 
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| MC12040 


APPLICATIONS INFORMATION 


The MC12040 is a logic network designed for use as 
a phase comparator for MECL-compatible input signals. 
It determines the “lead” or “lag’’ phase relationship and 
the time difference between the leading edges of the 
waveforms. Since these edges occur only once per cycle, 
the detector has a range of +27 radians. 

Operation of the device may be illustrated by assuming 
two waveforms, R and V (Figure 1), of the same frequency 
but differing in phase. If the logic had established by past 
history that R was leading V, the U output of the detector 
(pin 4) would produce a positive pulse width equal to the 
phase difference and the D output (pin 11) would simply 
remain low. 

On the other hand, it is also possible that V was leading 
R (Figure 1), giving rise to a positive pulse on the D output 
and a constant low level on the U output pin. Both outputs 
for the sample condition are valid since the determination 
of lead or lag is dependent on past edge crossing and 
initial conditions at start-up. A stable phase-locked loop 
will result from either condition. 

Phase error information is contained in the output duty 
cycle — that is, the ratio of the output pulse width to total 
period. By integrating or low-pass filtering the outputs 
of the detector and shifting the level to accommodate 
ECL swings, usable analog information for the voltage- 
controlled oscillator can be developed. A circuit useful 
for this function is shown in Figure 2. 

Proper level shifting is accomplished by differentially 


FIGURE 1 — TIMING DIAGRAM 


oa = Lead 


R Leads V ; 
(D Output = ‘0’’) 

V Leads R | | . | | | | : 
(U Output = ‘’0’’) Lag 


driving the operational amplifier from the normally high 
outputs of the phase detector (U and D). Using this tech- 
nique the quiescent differential voltage to the operational 
amplifier is zero (assuming matched ‘'1” levels from the 
phase detector). The U and D outputs are then used to 
pass along phase information to the operational ampli- 
fier. Phase error summing is accomplished through re- 
sistors R1 connected to the inputs of the operational am- 
plifier. Some R-C filtering imbedded within the input 
network (Figure 2) may be very beneficial since the very 
narrow correctional pulses of the MC12040 would not 
normally be integrated by the amplifier. General design 
guides for calculating R1, R2, and C are included in the 
MC4044 data sheet. Phase detector gain for this config- 
uration is approximately 0.16 volts/radian. 

System phase error stems from input offset voltage in 
the operational amplifier, mismatching of nominally 
equal resistors, and mismatching of phase detector 
“high” states between the outputs used for threshold 
setting and phase measuring. All these effects are re- 
flected in the gain constant. For example, a 16 mV offset 
voltage in the amplifier would cause an error of 0.016/ 
0.16 = 0.1 radian or 5.7 degrees of error. Phase error can 
be trimmed to zero initially by trimming either input offset 
or one of the threshold resistors (R1 in Figure 2). Phase 
error over temperature depends on how much the of- 
fending parameters drift. 


FIGURE 2 — TYPICAL FILTER AND SUMMING NETWORK 


To VCO 
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LA MC12052A/ 
(M) ee ee MC12052B 


Advance Information 
1.1GHz -64/65, -128/129 
Low Power 1.1GHz -64/65, 128/129 
Dual Modulus Prescaler Low Power 


The MC12052 is a low power dual modulus prescaler used in phase-locked | Dual Modulus Prescaler 
loop applications. Motorola’s advanced Bipolar MOSAIC™ V technology is 
utilized to achieve low power dissipation of 2.7mW at a minimum supply voltage 
of 2.7V. 

The MC12052A can be used with CMOS synthesizers requiring positive 
edges to trigger internal counters such as Motorola’s MC145XXxX series ina PLL 
to provide tuning signals up to 1.1GHz in programmable frequency steps. P SUFFIX 

The MC12052B can be used with CMOS synthesizers requiring negative PLASTIC PACKAGE 
edges to trigger internal counters such as Fujitsu’s MB87001. Caeeeee 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 


MECL PLL COMPONENTS 





@ 1.1GHz Toggle Frequency PLASTIC SOIC PACKAGE 
@ The MC12052 is Pin and Functionally Compatible with the MC12022 CASE 751 
@ Low Power 1.0mA Typical 
@ 2.0mA Maximum, —40°C to +85°C, Vcc = 2.7-5.5 Vdc 
@ Short Setup Time (tset) 16ns Maximum @ 1.1GHz. 
@ Modulus Control Input Level is Compatible with Standard CMOS and TTL. 
Maximum Input Voltage Should Be Limited to 6.5 Vdc PIN ASSIGNMENTS 
MAXIMUM RATINGS (Top View) 


veg | 2500.70 | vee 
Tt, [#010185 [| -o_ 
MC 


Taig | -2500+150 [| “0 _ 
| mc | -05to+6.5 | Vde_| 


Vde 
°C 
°C 

Vdc 





For positive edge triggered synthesizers, 
order the MC12052A. 

For negative edge triggered synthesizers, 
order the MC12052B. 





FUNCTIONAL TABLE 


Divide Ratio 


Input Voltage Sensitivity 250-1100MHz 
100-250MHz 


64 


Note: SW: H = Vcc, L = Open 
1. Divide ratio of +64/65 @ 1.1GHz MC: H = 2.0V to Vc; L = GND to 0.8V 
2. Valid over voltage range 2.7-5.5V; RL = 3.3kQ @ Voc = 2.7V; RL = 7.2kQ @ Voc = 5.0V 


Output Current 1 
Voc = 2.7V, CL = 8pF, RL = 3.3kQ 
Vcc = 5.0V, CL = 8pF, Ri = 7.2kQ 





This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC12052A e MC12052B 





Figure 1. Logic Diagram (MC12052A) 






Sine Wave Generator 


50Q 


MC Input 


Figure 3. AC Test Circuit 
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MC Setup MC 


MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 


O Vcc = 2.7 - 5.5V 


Ci = C2 = 1000pF 

C3 = 0.1pF 

CL = 8pF (Including Scope 
and jig capacitance) 

RL = 3.3kQ @ Voc = 2.7V 

Ri = 7.2kQ @ Vcc = 5.0V 


(AA) MOTOROLA 


CRYSTAL OSCILLATOR 


The MC12061 is for use with an external crystal to form a crystal 
controlled oscillator. In addition to the fundamental series mode 
crystal, two bypass capacitors are required (plus usual power 
supply pin bypass capacitors). Translators are provided internally 
for MECL and TTL outputs. 


@ Frequency Range = 2.0 MHz to 20 MHz 
@ Temperature Range = 0°C to +70°C 
® Single Supply Operation: +5.0 Vdc or —5.2 Vdc 


@ Three Outputs Available: 
1. Complementary Sine Wave (600 mVp-p typ) 
2. Complementary MECL 
3. Single Ended TTL 


CRYSTAL OSCILLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


'" P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FIGURE 1—BLOCK DIAGRAM 


AGC 

Filter Sine Wave 

0.1 %F Output 
oF 


Vcc 


01 Vcc 


Crystal 
Osc. 


AGC 
Be 


6 O oO 5 


U 


Voltage 
Reg. 


Note: 0.1 »F power supply 
pin bypass capacitors 


not shown. Crystal 


vam + ae ee 
49 39 20140 150 169Vcc 9013 912 


MECL 
Output 


119 Vcc 


80 VEE 


TYPICAL CIRCUIT CONFIGURATIONS Note: 0.1 wF power supply pin bypass capacitors not shown. 


FIGURE 2 — FIGURE 3 — MTTL OUTPUT 
SINE WAVE OUTPUT 


+ 50V 


| 7.01 EON 40 


a 


CRYSTAL 
REQUIREMENTS 
Note: Start-up stabilization 
time is a function of 
crystal series resist- 
ance. The lower the 
resistance, the faster 
the circuit stabilizes. 


Characteristic i. 





Mode of Operation 





Frequency Range 





Series Resistance, R1 


Maximum Effective Resistance RE(max) 
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FIGURE 4 — MECL OUTPUT 
(+5.0 V Supply) 


FIGURE 5 — MECL OUTPUT 
(—5.2 V Supply) 


____MC12061 _ 


Fundamental Series Resonance 


eae Minimum at Fundamental ==. 
155 ohms 











OLL-9 


| Logic “1” Output VOH1* 


Output Short-Circuit 
.| Current 





AGC 
Fitter” Sine Wave 
0.1 uF Output 

—— 







- TEST VOLTAGE/CURRENT VALUES 
Volts 


pots lm 
Mirimax| Vitmin | VitAmin | ViAmax| Vint |Vcct| Vc |Vccu! fou! 'on | | 


oc | 416 | 319 | 386 | 351 | 40 | 475 | 5.0 | 5.25 | 16 | 


si tewn eae _ +25c[ 419 | 321 | 39 | 352 | 40 | 475] 5.9 | 5.25 | 16 | -0.4| -25 
ELECTRICAL CHARACTERISTICS +75 | 428 | 323 | 396 | 365 | 40 | 475] 5.0 | 5.25] 16 | -o.4] ~25| 


; Test Limits — . : 
fae +75°C TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW 
Test i 


Mitimax] Vitmin| ViAmin | Vitamax| Vint |Voct| Vcc |VccH! !ou| ton |__| 


pmade| — | ~ | ~ | —- [—[—-i1][-|-|-[-] 2 | 
1 8 
EEE RBEBLeEBEE 
16 8 
Input Current cs 
Differential Offset AV 4to 
Voltage 


pAdc 14 16 8 
pAdc 15 16 8 
2 to 
Output Voltage Level] Vout 











TTL @ Test 
owes Temperature 


Note: 0.1 wF power supply 
pin bypass cepacitors { 





















Characteristic 


3 
> 
a 
3) 


QO 


Power Supply 
Drain Current 











eefeefe fife: 


0 325 mVdc 
te a ole a ae ea amie 
i ee ee eee: 
1 8 
Des) ee 
4.19 | 4.1 | 4.28 | Vdc 14 13 | 8 
| — [24 | — | p15 | ia | — | — | — {rrte] — | — |—|] 10 | — [| 89 | 
3.02 | 3.47 | Vde 12 | 8 
at ae ad ee ele aie 
Vde 8,9 
Fe ee eae ea 2 ee eae 


3.49 Vdc 14 8 
3.49 Vdc 15 8 
mAdc 8,9, 

10 





pAdc | 15 8,14 
pAdc | 14 8,15 
2 


<< 
Qa 
aa 


= 


—_— = 
oO o 


Voltage 


w 
wn 
Nj 
Rloo 


oe) 
a a 
NS 


Logic “0” Output 
Voltage 


VOL1* 







NN 
co oO 
co © 
wo 
A Ss 
WO W 





Logic “1” Threshold | VOHA 


Voltage 


< 
Oo 
r 
N 
ww 
nN e e 
© © 


Logic “0” Threshold | VOLA 
Voltage. 








*Devices will meet standard MECL logic levels using Veg = —5.2 Vde and Vcc = 0. 









LSOZ LOIN 


MC12061 


FIGURE 6 — AC CHARACTERISTICS — MECL AND TTL OUTPUTS 


Vec = +2.0 Vde 













Input (Pin 15) 


TTL Output 
(Pin 10) 


Pulse Generator 
(EH 137 or Equiv) 
PRF = 2.0 MHz 


tt =t-=2.0+0.2ns 
MECL Output 








{Pin 13) Pe 
MECL Output +2.0 
(Pin 12) 7 Vde 
MMD6150 
0.1 wr or Equiv 


All input and output cables to the scope Cy = 15 pF = total parasitic capacitance 
are equal lengths of 50 2. coaxial cable. which includes probe, wiring, and load 
9 capacitance. 


MMD7000 


or Equiv 
Unused outputs are connected to a 50 q 


+1% resistor to ground. Veg = -3.0 Vde 


-3.0 Vdc 
TEST VOLTAGES/WAVEFORMS 
Test Limits APPLIED TO PINS LISTED BELOW: 
esi 12.0 Vde| -3.0 Vde | Gnd 


; inal 


Rise Time t724 12 4.0 11,16 8,9 14 
t134 13 4.0 is 11,16 8,9 14 
Fall Time t12- 12 4.0 3.0 11,16 
t13- 13 4.0 3.0 11,16 ‘a 


eed VOLTAGE APPLIED 
eed PINS LISTED BELOW 
Characteristic | Min | Typ | +2.0 Vdc —3.0 Vdc 












Characteristic 






Propagation Delay 

















Sine Wave Amplitude 
750 |mVp-p 


FIGURE 7 — AC TEST CIRCUIT — SINE WAVE OUTPUT 
Vec = +2.0 Vde 0.1 WF 








All output cables to the scope are equal lengths of 50 0 coaxial 
cable. All unused cables must be terminated with a 50 0 +1% 


: 0.1 UWF 
resistor to ground. 


450 (© resistor and the scope termination impedance constitute 
a 10:1 attenuator probe. 


Crystal — Reeves Hoffman Series Mode, 
Series Resistance Minimum at Fundamental 
f = 10 MHz 
Re = 50 
*Rg = 15 kQ is inserted only for test purposes. When used 
with the above specified crystal, it guarantees oscillation 
with any crystal which has an equivalent series resistance 
<= 155 0 


Rp: will improve start up problems value: 200-500 0 
Crystal | 


VEE = -3.0 Vde 
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OPERATING CHARACTERISTICS 


The MC12061 consists of three basic sections: an 
oscillator with AGC and two translators (Figure 1). Buff- 
ered complementary sine wave outputs are available 
from the oscillator section. The translators convert 
these sine wave outputs to levels compatible with MECL 
and/or TTL. | 

Series mode crystals should be used with the oscil- 
lator. If it is necessary or desirable to adjust the crystal 
frequency, a reactive element can be inserted in series 
with the crystal — an inductor to lower the frequency 
or a capacitor to raise it. When such an adjustment is 
necessary, it is recommended that the crystal be spec- 
ified slightly lower in frequency and a series trimmer 
capacitor be added to bring the oscillator back on fre- 
quency. As the oscillator frequency is changed from the 
natural resonance of the crystal, more and more depen- 
dence is placed on the external reactance, and temper- 
ature drift of the trimming components then affects 
overall oscillator performance. 

The MC12061 is designed to operate from a single 
supply — either +5.0 Vdc or —5.2 Vdc. Although each 
translator has separate Vcc and Veg supply pins, the 


circuit is NOT designed to operate from both voltage 


levels at the same time. The separate VegF pin from the 
TTL translator helps minimize transient disturbance. If 
neither translator is being used, all unused pins (9 thru 
16) should be connected to Veg (pin 8). With the trans- 
lators not powered, supply current drain is typically 
reduced from 42 mA to 23 mA for the MC12061. 


Frequency Stability 


Output frequency of different oscillator circuits (of a 
given device type number) will vary somewhat when 
used with a given test setup. However, the variation 
should be within approximately +0.001% from unit to 
unit. 

Frequency variations with temperature (independent 
of the crystal, which is held at 25°C) are small — about 
—0.08 ppm/°C for MC12061 operating at 8.0 MHz (see 
Figure 8). 


Signal Characteristics 


The sine wave outputs at either pin 2 or pin 3 will 
typically range from 800 mVp-p (no load) to 500 mVp-p 
(120 ohm ac load). Approximately 500 mVp-p can be 
provided across 50 ohms by slightly increasing the dc 
current in the output buffer by the addition of an exter- 
nal resistor (680 ohms) from pin 2 or 3 to ground, as 
shown in Figure 9. Frequency drift is typically less than 
0.0003% when going from a high-impedance load (1 
megohm, 15 pF) to the 50 ohm load of Figure 9. The dc 
voltage level at pin 2 or 3 is nominally 3.5 Vde with Vcc 

+5.0 Vde. 

Harmonic distortion content in the sine wave outputs 
is crystal as well as circuit dependent. The largest har- 
monic (third) will usually be at least 15 dB down from 
the fundamental. The harmonic content is approxi- 
mately load independent except that the higher har- 


> f, FREQUENCY SHIFT (ppm) 
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monic levels (greater than the fifth) are increased when 
the MECL translator is being driven. 

Typically, the MECL outputs (pins 12 and 13) will drive 
up to five gates, as defined in Figure 10, and the TTL 
output (pin 10) will drive up to ten gates, as defined in 
Figure 11. 


Noise Characteristics 


Noise level evaluation of the sine wave outputs using 
the circuit of Figure 12, with operation at 9.0 MHz, indi- 
cates the following characteristics: 

1. Noise floor (200 kHz from oscillator center fre- 
quency) is approximately —122 dB when refer- 
enced to a 1.0 Hz bandwidth. Noise floor is not 
sensitive to load conditions and/or translator 
operation. 


2. Close-in noise (100 Hz from oscillator center fre- 
quency) is approximately — 88 dB when referenced 
to a 1.0 Hz bandwidth. 

+10 






Vec =+ 5.0 Vde 
Terystal = 25°C 


ft | | 
5 -26 0 25 50 75 100 12 


Ta, AMBIENT TEMPERATURE (°) 









-20 


-30 
-5 


FIGURE 9 — DRIVING LOW-IMPEDANCE LOADS 


*See text under signal characteristics. 





FIGURE 10 — MECL TRANSLATOR LOAD CAPABILITY 


FIGURE 11 — TTL TRANSLATOR LOAD CAPABILITY 


All 
diodes 
MBD101 
or 

Equiv 





FIGURE 12 — NOISE MEASUREMENT TEST CIRCUIT 


ANALYZER SETTING 


Video 

Measurement Bandwidth Filter 
Noise Floor 50 kH2/div 
Close-!in Noise 20 kH2/div 


2or3 0.1 MEF 


To HP85528/538 
Spectrum Analyzer 
or Equiv 
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viL-9 


RESISTOR 
eae rie CIRCUIT SCHEMATIC 


| | 
| Sine to MECL | MECL TO TTL 
Voltage Regulator | Oscillator Amplifier/AGC Translator | Translator 


ME 
Sine Wave Output Suisa | 


Bias Vcc i 2 3 1213 
O O 


O7 +O O- 


LSOZLOIN 


Rae pec 
(oe UY 

= ~~ 

e ‘a 


ant be Ye [tet as} : 


60 Crystal O5 8 


| | “VEE | 
| | | 
| | | 
| | | 





(AA) MOTOROLA 


1.1 GHz PRESCALER 


The MC12073 is a divide by 64 prescaler. Typical frequency 
synthesis applications include electronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differ- 
ential inputs and provides gain for the input signal. Differential 
ECL outputs are provided. 


@ 1.1 GHz Toggle Frequency 

@ Supply Voltage of 4.5 to 5.5 V 

@ Low Power 23 mA Typical @ Vcc = 5.0 V 

@ High Input Sensitivity, 20 mVrms @ Vcc = 5.0 + 10%, 
Ta = 0° to +70°C 

@ 800 mV Minimum Peak-to-Peak Output Swing 

© Differential ECL Outputs 


MAXIMUM RATINGS 


| Characteristic | Symbol _| | Unit 
















ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = 0°C to +70°C) 


| Characteristic | Symbol_| Min _| Typ® | 


Toggle Frequency 1.1 
(Sine wave input) 

Minimum Frequency | “tral... 

Supply Current 









Output Voltage Vout 
(Load = 10 pF) 

Input Voltage Sensitivity @ Vin Min 
150-1100 MHz 






Input Voltage Sensitivity @ Vin Min 
90 MHz 


Input Overload 


*Typical measured at + 25°C, 5.0 V 
1See Figure 1 
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MECL PLL COMPONENTS 


1.1 GHz 
+64 
PRESCALER 


P SUFFIX D SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 
CASE 626 CASE 751 





PRESCALER BLOCK DIAGRAM 






550 0 
Output 


Input 
PRESCALER PINOUT 
NC [1] Is} Vcc 
7 
Input Output 
Gnd [4] 15] NC 





MC12073 


FIGURE 1 


DEVICE MC12073 RATIO 64 
MAXIMUM TOGGLE FREQ: MIN = 1348 MEAN = 1348 MAX 1348 


Sorts SP Ose NH 


1250 


eee. eo 

PET TTL TT A 
Ti eet 
SEES al I 
a 
ULE TT 


TEMP. = 25°C Vcc = 5.0 V #DEVICES = 1 DATE 1/7/85 





HSB0a4-FrD,O0uw ams 





FREQUENCY (MH 
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(A) MOTOROLA 


1.1 GHz PRESCALER 


The MC12074 is a divide by 256 prescaler. Typical frequency 
synthesis applications include electronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differ- 
ential inputs and provides gain for the input signal. Differential 
ECL outputs are provided. 

@ 1.1 GHz Toggle Frequency 

@ Supply Voltage of 4.5 to 5.5 V 

@ Low Power 23 mA Typical @ Vcc = 5.0 V 

@ High Input Sensitivity, 20 mVrms @ Vcc = 5.0 + 10%, 

TA = 0° to +70°C 
e@ 800 mV Minimum Peak-to-Peak Output Swing 
e@ Differential ECL Outputs 


MAXIMUM RATINGS 


[_—_ emesis Tt 
fone ease an 














| Characteristic | Symbol _ 


Toggle Frequency fini! 
(Sine wave input) 

Minimum Frequency 

Supply Current 


fa = 

| fmin | — | | MHz 

| tcc | — | | mA 
eon [oe | Led 

(Load = 10 pF) 

= 

ke 

| 200 | 


mVrms 


Input Voltage Sensitivity @ Vin Min 
150-1100 MHz 

Input Voltage Sensitivity @ Vin Min 
90 MHz 


Input Overload 


*Typical measured at +25°C, 5.0 V 1See Figure 1 
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MC12074 


MECL PLL COMPONENTS 


1.1 GHz 
+256 
PRESCALER 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


PRESCALER BLOCK DIAGRAM 


550 0 
Output 


Input ~~ PRESCALER PINOUT 








FIGURE 1 


DEVICE MC12074 — RATIO 256 
MAXIMUM TOGGLE FREQ: MIN = 1357 MEAN = 1357 MAX 1367 


25°C Voc = 5.0 V + DEVICES = 1 


TEMP. 





CPPCC SE 
TET TTT ert 
A TE et 
HE 
HEE ETE 


HES PEER ERE 
CE Ear Et 
qT EL 
PELE Et a 
WEE 


qseau-—-rFrDAW ans 





FREQUENCY (MHz) 
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(A) MOTOROLA 


1.3 GHz Prescaler 


The MC12076 is a divide by 256 prescaler. Typical frequency synthe- 
sis applications include electronically tuned TV/CATV and communica- 
tion systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential 
inputs and provides gain for the input signal. Differential ECL outputs 
are provided. 


1.3 GHz Toggle Frequency 

Supply Voltage of 4.5 to 5.5 V 

Low Power 36 mA Typical @ Vcc = 5.0 V 
Operating Temperature Range of 0°C to +85°C 
High Input Sensitivity 

800 mV Minimum Peak-to-Peak Output Swing 
Differential ECL Outputs 







interne Gatecoun™—=—Si=“‘C*CSS*™#*™#*™~*s~;~C~C~C~‘éa t”*t*d 
internal GstePropegnion Dey ——SSC*dCSCSC 
[se Pv pon 


*Equivalent to a two-input NAND gate. 


MAXIMUM RATINGS 


Characteristic 







Power Supply Voltage 


Operating Temperature Range 
Storage Temperature Range 


Toggle Frequency (Sine Wave Input) 
Minimum Frequency 


Output Voltage (Load = 10 pF) 


Input Voltage Sensitivity @ 
70 MHz 
150 to 1100 MHz 
1.2 GHz 
1.3 GHz 


Input Overload 
70 to 1300 MHz 


*Typical measured @ + 25°C, 5.0 V 
(1) See Figure 1 
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NiC 12076 


MECL PLL COMPONENTS 
1.3 GHz 


+256 
PRESCALER 














D SUFFIX 
SOIC PACKAGE 
CASE 751 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 






BLOCK DIAGRAM 


OUTPUTS 





AMPLITUDE (dBm) 


OUTPUT 


0 


MC12076 


15 
eae EE (ET Es ee ee ee ee eee eee 


(ene ee a ee ee ee ee ee ee 














0 200 400 600 800 1000 1200 1400 1600 1800 2000" 
FREQUENCY (MHz) 


Figure 1. MC12076 Input Signal Amplitude versus Input Frequency _ 
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(A) MOTOROLA MC12078 


MECL PLL COMPONENTS 
1.3 GHz Prescaler ae 
PRESCALER 





The MC12078 is a divide by 256 prescaler. Typical frequency synthe- 
sis applications include electronically tuned TV/CATV and communica- 
tion systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential 
inputs and provides gain for the input signal. Differential ECL outputs 
are provided. 

@ 1.3 GHz Toggle Frequency 


@ Supply Voltage of 4.5 to 5.5 V 
@ Low Power 28 mA Typical @ Vcc = 5.0 V 


Be 


1 





1 


® Operating Temperature Range of 0°C to +85°C P SUFFIX D SUFFIX 
@ High Input Sensitivity a oe are 


@ 800 mV Minimum Peak-to-Peak Output Swing 
e Differential ECL Outputs 









BLOCK DIAGRAM 
















Internal Gate Count* 
Internal Gate Propagation Delay 
2.5 











Internal Gate Power Dissipation | 0s mw 


*Equivalent to a two-input NAND gate. 


MAXIMUM RATINGS 


[____Characornie __———_~(|Symbot_ | Range | Uni | 
[Operaing Temperawreenge —~«| ta (| ow vee | ct 


is | — | ome | 
[Minimum Frequency | fmin | — | — | 0 


Output Voltage (Load = 10 pF) 























Input Voltage Sensitivity @ 
90 MHz 

150 to 1100 MHz 

1.3 GHz 


Input Overload 
90 to 500 MHz 
500 to 1300 MHz 














*Typical measured @ + 25°C, 5.0 V 
(1) See Figure 1 
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AMPLITUDE (dBm) 


MC12078 






































250 500 750 + +—'1000-~»=«1250 «1500 «= «1780 ~=«2000»=(2280 
FREQUENCY (MHz) 


Figure 1. MC12078 Input Signal Amplitude versus Input Frequency 
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0 
2500 - 


(AA) MOTOROLA 


750 MHz UHF PRESCALER 


The MC12090 is a high-speed D master-slave flip-flop capable of 
toggle rates of over 700 MHz. It was designed primarily for high- 
speed prescaling applications in communications and instru- 
mentation. This device employs two data inputs, two clock inputs 
as well as complementary Q and Q outputs. There are no SET or 
RESET inputs. 


ELECTRICAL CHARACTERISTICS 


Characteristic Symbo 


Power Supply Current 


Input Current High 
Pin 7,9 
Pin 11, 12 


Input Current Low 


< 


High Output Voitage 
Low Output Voltage 
High Input Voltage 


< 2 
= oO 


Low Input Voltage 


Symbo 
Toggle Frequency | _ fto 


Typical (25°C) 


Propagation Delay tod 1.3 
(Clock to Output 
Pins 7 & 9-2) 


Setup Time 
tsetup H 
tsetup L 

Hold Time 


thold H 
thoid L 


Rise Time 
Fall Time 


onal a+ 
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PLL COMPONENTS 


750 MHz +2 
UHF PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


mn 


LOGIC DIAGRAM 


) > 
) > 
Vec1 = Pin1 


Vcec2 = Pin 16 
Veg = Pin 8 


ain 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRUTH TABLE 








MC12090 


FIGURE 1 — GUARANTEED RANGE OF OPERATION 
(TEMP = 75°C, # DEVICES = FIVE; 
Vcc = 2.0 V, Veg = -3.2 V. Vealas= 0.710 V) 


isa ——— 


Guaranteed wy Yi on 


AMPLITUDE (DBM) 








FREQUENCY (MHz) 


FIGURE 2 — GUARANTEED RANGE OF OPERATION 
(TEMP = 28°C, # DEVICES = FIVE; 
Vcc = 2.0 V, Veg = -3.2 V. Vaias = 0.710 V) 









5.0 1131 
aaa a 
0 s 636 
Lo on 
-5.0 Z 354 
1 Ne 
3 -10 201 & 
J. P| 3 
s | aes eae aes 
: ee ae 
ee ee eee a re er eed 
a. 
ae a a a ae 
‘oe a ee a ee 
Vout at Vin Max Vout at Vin Min 
~~ 50 1131 
pao] 
=e RE lena ce ae 
5.0 354 
0 100 200 300 400 600 700 80 900 00 


FREQUENCY (MHz) 
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(AA) MOTOROLA 


200MHz Voltage Controlled 


Multivibrator 200MHz VOLTAGE 
CONTROLLED 
MULTIVIBRATOR 





e High Frequency VCM ideai for PLL Appiications 


e Single External Resistor Determines Center Frequency; Additional Resistor 
Determines f/V Sensitivity 


e Internal Ripple Counter (1/2, 1/4, 1/8) For Low Frequency Applications — TTL/ 
ECL Outputs 


e VCO Output Enable Pins (TTL/ECL Level) 
e +5.0V Single Supply Voltage 
e Packages: DIP, PLCC a | 


P SUFFIX 
PLASTIC DIP PACKAGE 


Pinout: 20-Lead Plastic Package (Top View) CASE 738-03 


EBT EBE Vcco FOE FOE FSE FSE Vcc3 FST Veg3 


ine: 
4 


3 


FN SUFFIX 
PLCC PACKAGE 
CASE 775-02 





PIN NAMES 
Pinout: 20-Lead PLCC Package (Top View) 


Veco FOE FOE FSE FSE Center Frequency Inputs 
al at a 6 ee Frequency Control Input 
Bias Filter Input 
Frequency Select Input 





TTL Output Enable 

TTL +2, +4, +8 Output 

Diff ECL +2, +4, +8 Outputs 
Diff ECL +1 Outputs 

VCO Disable, ECL Level Input 
VCO Disable, TTL Level Input 





RS Vo Cp VeEi FS 
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MC12100 


(ECL) (TTL) 


FOE FOE SE FSE FST 


fl 


0 
Vcc 3:1 A 


FS 





sete MULTIPLEXER 
FREQUENCY FREQUENCY SELECT 
SET ae FUNCTION TABLE 
| FS Divide 
Rx. Level Ratio 
RIPPLE 
COUNTER H 1/2 
OPEN 1/4 
Ry L 1/8 
7 ‘4 
ee cen 
C ) C)  ) 







EBE 
(TTL) (ECL) 





VCO DISABLE FUNCTION TABLE 


| EBE | EBT __| FOE, FSE,FST | FOE, FSE | 






Cg WL BIAS FILTER 






eee Hor OPEN 
* CONTROL L or OPEN OSCILLATION 
veut OSCILLATION 





Figure 1. Block Diagram 


ABSOLUTE MAXIMUM RATINGS 


Voc1 __ | Power Supply Voltage —0.5 to +8.0 V 
Vec2 
VCC3 

















ae 
eed - nee Renae Tec! 
iste | Senge Torpenue 


OPERATING CONDITIONS 











ee Ambient Temperature 0 to +75 


Symbol | 
TA i 
(TTL) i 
( 






[un] 
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DC CHARACTERISTICS (Vcc = 5.0V +5%; Rx = 2.4kQ; Ry = 1.5kQ; Cp = 0.001 uF) 


Characteristic 










(ECL, TTL) 


Vcc = 5.0V, Ry. = 500, 
VT =3.0V 


Vcc = 5.0V, Ry = 50, 
VT =3.0V 
VIN =2.7V 


[Min | mex | win | typ | Max | 


Supply Current 120 65 


VOLT Output Low Voltage, TTL me 
VOHT Output High Voltage, TTL a 


Output Low Voltage, ECL 
VOHE Output High Voltage, ECL 
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WT EBT Input Low Current 
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hilt somal ce 
eee 
feed 
Ea 
ie 
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8 
oO 


~ 
ro) 


po] —4 
oOo} © 
oO} oO 


NWNHE EBE Input High Current 


VIN = 4.19V 
lIINLE EBE Input Low Current 


VIN = 3.05V 
Vcc = 5.0V 


VILS FS Input, Max “L” Level : 
Vcc = 5.0V 


VIN = 0.4V 
VIN = 7.0V 

ViMs FS Input, “Medium” Level = 
VIHS FS Input, Min “H” Level ae 
VILT Input Low Voltage [4 


EBT 

VIHT EBT Input High Voltage 
EBE 
C = 


Voc = 5.0V 


Wi 
oO; MM 
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< 
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° 
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VIHE Input High Voltage 
VILE EBE Input Low Voltage 


i ee 

ee 

a 
V Voc +2 

Fa 


VLM 
Cp Output Voltage 


Vcc = 5.0V 
Voc = 5.0V 


Vcc = 5.0V 


ict Sadi 


MHz } Voc =+2.0V 
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oT 
Reset Time 


ib 


Center Frequency (Vyc — Vop = OV) 
FMAX — Frequency Range 
FMIN (Vc = 1/2 Voc £1.5V, Voc = 5.0V) 
FOE/FOE/FSE/FSE Rise Time . 
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Loading: ECL = 50Q to V7; TTL = 500Q, 50pF 
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OUTPUT FREQUENCY FORMULA 
ae _ 660 
1) CENTER FREQUENCY : fosc = ee aC (MHz) 
Ry in kQ Units: 2.0kQ < Ry < 2.7kQ 


2) GAIN: Ay = 7 = py (wHe/\) 
Ry in kQ Units: 1.0kQ < Ry < 2.0kQ 








1/2 
Vcc 





ae 


Cp = 0.001 LF 


CB 


Voor 


Voct . Vo 
Cr 
a 


Figure 2. VCO Detail 


Notes: ; | 
e For optimum VCO linearity (MHz/V), the following resistor ranges are recommended: 


2.0kQ < Ry < 2.7kQ (Ry = 1.5kQ) 
1.0kQ < Ry < 2.0kQ (Rx = 2.4kQ) 


e TTL output maximum frequency = 50MHz 
e Simultaneous use of both ECL and TTL outputs are not recommended due to excessive power consumption for the EIAJ Type II 
SO package 


Vcc = +5.0VDC 
O) 


O) O QO 
° Bins) 
“500 ee 500 
O 
14 
O 


Voc = +2.0VDC 
) 





0.1uF 0.1pF O +3.0V 
a fs ; 
= 3 ; 
OY) 
U 
O O +3.0V 
0.001,F = \Vp 49 12, 
20 7 
) ) ©) 
0.1pF | 
ze aL Z 
= Vef=-3.0VDC = Vee=GND 


Figure 3. AC Test Circuit (FO/t-e/t¢_ Measurement) Figure 4. AC Test Circuit (Other Measurements) 
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TTT 
TTS 
TTO 
50% 
EBT 
TEO 
TES 
50% 
TET 
EBE 
FOE 50% 
FSE 50% 
FST 


50% 


Figure 5. Switching Waveforms 


VCO DISABLE FUNCTION TABLE 


EBE | EBT | FOE,FSE,FST | FOE, FSE | 
L or OPEN 
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OUTPUT FREQUENCY (MHz) 
OUTPUT FREQUENCY (MHz) 











Figure 6. Vc versus Output Frequency Figure 7. Vc versus Output Frequency 
Varying Rx @ Vcc = 5.0V; Ta = 25°C; Ry = 1.5kQ Varying Ry @ Vcc = 5.0V; Ta = 25°C; Rx = 2.4kQ 














OUTPUT FREQUENCY (MHz) 
OUTPUT FREQUENCY (MHz) 























15 2.0 25 3.0 35 4.0 





Vc () 
Figure 8. Vc versus Output Frequency Figure 9. Vc versus Output Frequency 
Varying Ta @ Vcc = 5.0V; Rx = 2.4kQ; Ry = 1.5kQ Varying Vcc @ Rx = 2.4kQ; Ry = 1.5kQ; Ta = 25°C 
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130MHz Voltage Controlled 
Multivibrator 130MHz VOLTAGE 
CONTROLLED 


MULTIVIBRATOR 
¢ High Frequency VCM Ideal for PLL Applications 


e Single External Resistor Determines Center Frequency; Additional Resistor 
Determines f/V Sensitivity 


e Internal Ripple Counter (1/2, 1/4, 1/8) For Low Frequency Applications — TTL/ 


ECL Outputs 
e VCO Output Enable Pins (TTL/ECL Level) 
e +5.0V Single Supply Voltage 
e Packages: DIP, PLCC . 


P SUFFIX 
PLASTIC DIP PACKAGE 
CASE 738-03 





Pinout: 20-Lead Plastic Package (Top View) 


EBT EBE Vcco FOE FOE FSE FSE Vcc3 FST VeE3 


ine « 
4 


3 


FN SUFFIX 
PLCC PACKAGE 
CASE 775-02 





PIN NAMES 
Pinout: 20-Lead PLCC Package (Top View) 


Voce FOE FOE FSE FSE Center Frequency Inputs 
z= Frequency Control Input 

Bias Filter Input 

Frequency Select Input 





TTL Output Enable 

TTL +2, +4, +8 Output 

Diff ECL +2, +4, +8 Outputs 
Diff ECL +1 Outputs 

VCO Disable, ECL Level Input 
VCO Disable, TTL Level Input 





RS Vo Cp VeEi FS 
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(ECL) (TTL) 


FOE FOE SE FSE FST 







C) 
a = 
[XS 
Vcc ee 
aaa MULTIPLEXER O FS 
FREQUENCY FREQUENCY SELECT 

SET FUNCTION TABLE 
FS Divide 
Rx Level Ratio 





RIPPLE 
COUNTER 






H 41/2 
OPEN 1/4 
L 1/8 





EBT EBE 
(7) (ECL) VCO DISABLE FUNCTION TABLE 


| ESE | EBT | FOE, FSe, FST | FOE, FSE | 
H or OPEN 











FREQUENCY 
CONTROL L or OPE OSCILLATION 
INPUT 


ABSOLUTE MAXIMUM RATINGS 






















Vcc1 Power Supply Voltage 


Vcoc2 
VCc3 


Vin (TTL) Input Voltage . -0.5 to Vcc a ee 
Vin (ECL) Input Voltage -0.5toVcoc a 
louT (ECL) Output Source Current — Surge 100 


—0.5 to +8.0 









Output Source Current — Continuous ae eee 


TsTg Storage Temperature ~55 to +150 es oe, 


OPERATING CONDITIONS 







a 
tx | Arbion'Tonporre ——SSSC~C“‘“~*‘“‘“CSC*SOC*C*‘éwSSSSC‘dSC 
[voc | Swnvvotwge—SSSC~C“~*~*~“‘“‘~*~*dCSC‘ STC 
Pow itty | TLHeh Ounce SSCS O*d 
ee 


TA i 
Vcc 
( 
lo (TTL) TTL Low Output Current 
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DC CHARACTERISTICS (Vcc = 5.0V +5%; Rx = 2.4kQ; Ry = 1.5kQ; Cp = 0.001,1F) 


icc Supply Current 


VOLT Output Low Voltage, TTL 
VOHT Output High Voltage, TTL 


Output Low Voltage, ECL 


VOHE Output High Voltage, ECL : 


NLT nput Low Current 


EBT | 
WHT EBT Input High Current 


Nh = ie) 
io) o>) o 


i¢*) 
oo 


NM 
jo) 


oo 
Oo | © 


Oo 


+ 
=k 


Vc Input Voltage 
Vo = Voc +2 


Cp Output Voltage : 


i 
FMIN (Vo = 1/2 Voc £1.5V, Voc = 5.0V) 
‘e 


De) 
ioe) 
o1 


VLM 
VCB 











Voc = +2.0V 
VEE =-3.0V 


} 
ae) 






ooh, 
ro) 
jo) 
4 
rs 
(5) 


o =< 
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ory ol 
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Tee 


TO Resetting 
res | ReeetTine 


Loading: ECL = 50Q to V7; TTL = 500Q, 50pF 
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OUTPUT FREQUENCY FORMULA 


1) CENTER FREQUENCY : fosc ~ at (MHz) 


Rx in kQ Units: 2.7kQ < Rx < 3.6kQ 








320 . 
2) GAIN: Af = MHz 
'~VoS- hy MMe 
1/2 


Ry in kQ Units: 1.5kQ < Ry < 2.4kQ 
Vcc 
40K ale 
VCB 


Cp = 0.001pF 
Cr = 0.1 UF 
CB 
_L 


Voc1 = 


Vc 
C 
ain 


Figure 2. VCO Detail 
Notes: 


e For optimum VCO linearity (MHz/V), the following resistor ranges are recommended: 
2.7kKQ < Rx < 3.6kQ (Ry = 2.0kQ) 


1.5kQ < Ry < 2.4kQ (Rx = 3.3kQ) 


e TTL output maximum frequency = 50MHz 


e Simultaneous use of both ECL and TTL outputs are not recommended due to excessive power consumption for the EIAJ Type II 
SO package 


Vcc = +2.0VDC 
@ 


Vcc = +5.0VDC 
) 


moe Lose 
e 





Ry 0 
50Q 3 50Q 
U 
OV 
0.1UF 0.1uF 14 O +3.0 
) 
rae ne 
U e 
O O +3.0V 
0.001 uF = Vie 419 12, 
20 
VIT 9 SopF == 500Q | 
) e e 
0.1uF 
—L aa - 
= Veg =-3.0VDC — 


Veg = GND 
Figure 3. AC Test Circuit (FO/t;E/tfz Measurement) Figure 4. AC Test Circuit (Other Measurements) 
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TTO 
50% 
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TEO —e 
TES 
50% 
TET 
EBE 
FOE a 
FSE eae 
FST 


50% 


Figure 5. Switching Waveforms 


VCO DISABLE FUNCTION TABLE 


EBE | BT | FOE,FSE,FST | FOE,FSE_ 
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(ZHW) AONANDSHS 


Vc (VOLTS) 


Vc ae 


=5.0V; Ta = 25°C; Ry = 3.3 kQ 


Figure 7. Vc versus Output Frequency 


Varying Ry @ Vcc 


=5.0V; Ta = 25°C; Ry = 2.0 kQ 


Figure 6. Vc versus Output Frequency 


Varying Rx @ Vcc 








(ZHI) AONSNOSYS 


Vc (VOLTS) 


Vc (VOLTS) 


= 25°C 


3.3 kQ; Ry = 2.0 kQ; Ta 


Figure 9. Vc versus Output Frequency 


Varying Vcc @ Rx 


5.0 V; Rx = 3.3 kQ; Ry = 2.0 kQ 
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LOW-POWER VOLTAGE 
Advance Information CONTROLLED OSCILLATOR 


Low-Power Voltage 
Controlled Oscillator 


The MC12148 requires an external parallel tank circuit consisting of the 
inductor (L) and capacitor (C). A varactor diode may be incorporated into the D SUFFIX 
tank circuit to provide a voltage variable input for the oscillator (VCO). This SOIC PACKAGE 
device may also be used in many other applications requiring a fixed CASE 751 
frequency clock. 


The MC12148 is ideal in applications requiring a local oscillator. Systems 


include electronic test equipment and digital high-speed telecommunications. Peas ee 
700MHz Center Frequency Tunable From 200 to 1100MHz CASE 940 


Low-Power 20mA at 5.0Vdc Power Supply 
8-Pin SOIC Package 
Phase Noise —90dBc/Hz at 25KHz Typical 





MAXIMUM RATINGS 


[Symbot TParameter ST alue Unt 
Yeo Power Supply Voltage, Pin 8 —0.5 to +7.0 a 






Operating Temperature Range —40 to +85 
Storage Temperature Range —65 to +150 


BLOCK DIAGRAM 
(Typical Test Circuit) 


Pinout: 8-Lead SOIC (Top View) 


GND VCCO Out GND 


* The 1200Q resistor and the scope termination 


GND VCCO Out GND impedance constitute a 25:1 attenuator probe. 


Voc AGC TANK Vee 


Voc = 4.5 to 5.5 V 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5.0V; Ta = —40°C to +85°C) 


ee 
[ice | Swmvtwen———SSSSCSC~—~“—~s~sSSC‘; 
[von | OupuveriGH Gmimpedency 
[vou | Ouputevel ow tmaimpeaenes) fd 
[ay [csr @ asktOnees Hew 
bet 
aes 
esoaen 
ae 
ene 





ee ee ee 










mA — 
V 
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Frequency Stability Supply Drift 
Thermal Drift 
Second Harmonic (from Carrier) 


























dBc/Hz 



































































































































1K 10K 100K 1M 10M | 100M 
£ (f) [dBc/Hz] versus f [Hz] 


Figure 1. Typical Evaluation Results 
(CSR MC12148 5.0Vdc; Voc @ 25°C; 930MHz CW) 


Tank Component Suppliers 


Below are suppliers who manufacture tuning varactors and inductors which can be used to build an external tank circuit. Motorola 
has used these varactors and inductors for evaluation purposes, however, there are other vendors who manufacture similar 
products. 


Coilcraft Inductors AO1T thru AO5T Motorola Varactor MMBV809L 
Coilcraft-Coilcraft, Inc. Contact your local Motorola Semiconductor 
1102 Silver Lake Rd. Sales Office. 

Gary, Illinois 60013 
708-639-6400 Alpha Tuning Diodes DVH6730 Series 
Alpha 

Loral Tuning Varactors GC1500 Series Semiconductor Devices Division 
Loral 20 Sylvan Road 
16 Maple Road Woburn, MA 01801 
Chelmsford, Massachusetts 01824 617-935-5150 


508-256-8101 or 508-256-4113 
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(AA) MOTOROLA Mc6s194 


Carrier Band Modem (CBM) 


The bipolar LS! MC68194 Carrier Band Modem (CBM) when combined with the 
MC68824 Token Bus Controller provides an IEEE 802.4 single channel, phase-coherent 
carrier band Local Area Network (LAN) connection. The CBM performs the Physical Layer 
function including symbol encoding/decoding, signal transmission and reception, and 


; : FJ SUFFIX 
physical management. Features include: . J-LEAD CERQUAD 
@ Implements IEEE 802.4 single channel, phase-coherent Frequency Shift Keying (FSK) CASE 778B-01 





physical layer including receiver blanking. 

Provides physical layer management including local loopback mode, transmitter 
enable, and reset. 

Supports data rates from 1 to 10 Mbps. JEEE 802.4 standard uses 5 or 10 Mbps. 

Interfaces via standard serial interface to MC68824 Token Bus Controller. 

Crystal controlled transmit clock. 

Recovery of clocked data through phase-locked loop. 

RC controlled Jabber Inhibit Timer. 

Single +5.0 volt power supply. 

Available in 52-lead Cerquad package. 










PIN ASSIGNMENTS 
os - oY 
EES EZ2ELSS B26 8 
an 6 Gs 2 ee en ee 6 ee Se Bee ee Ea ee i 
6 5 4 3 2 0 5 
RXSYM2 [] 8 u 46 {] vem-c2 
Nc. [9 45 {] VCM-C1 
Vcc-TTL [] 10 44 1} VCX 
GND-TTL [11 43 [] GND 
RESET [] 12 42 [] cpw 
TXSYMO []} 13 41 || RPW 
Txsym1 [] 14 MC68194 40 [1] seT-PW 
TXSYM2 [] 15 CBM 39 [] GND 
SMREQ* 38 |} RXIN* 
TXCLK [] 17 37 |} RXIN 
JAB [1] 18 36 1] FDBK* 
EOTDIS* 35 [] FOBK 


Vec-OSC [J 20 34 |] THRESHOLD 


w 
NH 
~~ 
w 





2 9 2 8 2D pS ps a 
N 5 9 Ok & * YQ - > > 
22R 82535 535224685 
FES xace aa 5 BFE 
<x «~« aA F a PR PB =< =z 2oQ 
Zz ay “Roe Go SZ 
oO = i=) > 9 

Fi} S 

> 


7-2 


MC68194 


TABLE OF CONTENTS 
PAGE 
SECTION 1 — GENERAL DESCRIPTION 
1.1 TOKEN BUS LAN CARRIER BAND NODE OVERVIEW ............ 0000 cece eee eee eens 7-4 
1.2 CARRIER BAND MODULATION TECHNIQUE ........... 0.0.0 cc eee ee ee eee eens 7-4 
13) MESSAGE (FRAME) FORMAT 3.4.4.y kb oes oe HAS Sa SRE SS RAR ae Ole Sew Re eee eS 7-5 
1.4: SYS TEM:‘CONFIGURATION 4.6. dca ia. eek OS ON ee ed oe Ea ASEAN Sold he eee Se Ce Se aw eal 7-5 
SECTION 2 — SIGNAL DESCRIPTION TABLE .............. 00. cc ee ee eee eens 7-7 
SECTION 3 — TRANSMITTER 
OA OVER VIE VY: 6.4.2 wos See anor ee tas task den oa een ean Ee ae Ge wiles, @ Boe de de erate tess hat Sk aah 7-9 
3.2: TRANSMIT: BUPFER SS jis y bee eed ee tae be el oa a ee Oe ee ag whe meee ee ee 7-9 
3.3. JABBER INGIBE vo 9 oii ext Die a gee acied ae ea I Pe SP a hea Ear Se Oe eR ee eS oa 7-10 
3.4 CLOCK GENERATOR 3.6. 0-4 W555. ker Gok ew Gro ARS RS ote Oe oad See ack wa erar eee we at GA eet Ge we 7-10 
3.4.1 Parallel-Resonant, Fundamental Mode Crystal ...... 2.2... 0... cee ee ee eee 7-10 
3.4.2 Parallel-Resonant, Overtone Mode Crystal... 1... 0... ee ee ee eee 7-11 
3:4:3: External Clock SOUIEG +s. .¢. 2.6.4.5 Shwe hoe is els 4k eek ioe eee dae amne a ewe eee 7-11 
SECTION 4 — RECEIVER AMPLIFIER/LIMITER WITH CARRIER DETECT 
BW ON ER VIE WV odes cae Gite: Gece! ait. atari Bete tae Ww do ce whe a al Seca an, A ah a rates Go oa ec Sco eras hee 7-12 
AD PMPARIER 3 ated Oak Baers ees eee Oe a Ae OE ae te Ae wae etd Seen a, ba 7-12 
4.3; CARRIER DETECT: coi 4.554 6's soe we ale ees pa ew Bi ea a, ae 0k Hkh Doe Ah ae: we Real ee Bw 7-12 
SECTION 5 — CLOCK RECOVERY 
DO PHOVERVIEW. 6:04 4 6-4-b nn Gaur oe area ate ka es be he eee Soe eed dam a eale 7-13 
D2 ONE- SHOW Sb 56 crica.o Seeds 2m toe le as See aed ee we eS ee hed By ao ee, Bie ade no aaa ak 7-13 
5.3: PHASE-LOCKED LOOP.(PLL) COMPONENTS 3) s-4- 34.24 sews h wed ewe ss Dee aha Gea eea beh e eas 7-14 
5.3.1 phase DELECtOR IPD) ere 3.46 4-o4- 8S eae Se eae ee ee Re eS Sk Bee RG yee 7-14 
5.3.2 Voltage Controlled Multivibrator (VOM)... 0... 0. ce ee eee eee 7-14 
5.0.0 ‘LOOP GINGER kort. ais totale eevee Dew & ont aed he aad ss ote ae e E we aie ed A a Soe wee 7-14 
5.o.4 Loon: Characteristics 5.03.44 4t5o eee sed yt oe See ewe ee Od eee at ace ee et 7-15 
SECTION 6 — DATA RECOVERY . 
GO THOVERVIEVY Scho aie cttee Scott i Sree ahs lune te dae sateen et eet ae es ae eee Seah va ober ga eee eae 7-15 
6.2 RECEIVER END-OF-TRANSMISSION BLANKING ...........0.0.00 0.2 cee eee ete ee eee eens 7-16 
SECTION 7 — SERIAL INTERFACE 
TS), COVERVIE VY! 22 cxccdite teh a8 calce Me aeity De eats i ech eG Shae ils Ms tee gin rece ett al hgh ea oh Gin anc al ae ee OE 7-17 
7.2 PHYSICAL DATA REQUEST GHANNEL «: a¢atoveR sid cen ee Sod be tans eee ee eo dee eee we es 7-17 
PZ TACK == TanStivit: Choe eo a hncid accel! ee ee eee se ne oS ae Se wae eg he We eS Rds DeR oad  wh heae he e 7-17 
7.2.2 SMREQ* — Station Management Request. ......... 0.0... cee eee ee eens 7-17 
7.2.3 TXSYMO, TXSYM1, and TXSYM2 — Transmit Symbols... ...... 0.0.0.0 0. eee ee 7-17 
7.3 PHYSICAL DATA INDICATION CHANNEL ........... 2... 00 cc cee ee ee ee eee eee eee 7-17 
7.3.0 RACLK. =~ RECEIVE CIOCKs 5.0446 ei hades hhh kek Oe aN eee oe ee eae BSS 7-17 
7.3.2 SMIND* — Station Management Indication... ......... 0.00 eee ee eens 7-17 
7.3.3 RXSYMO, RXSYM1, and RXSYM2 — Receive Symbols ........... 2.0.0 ce eee eee eee eee eee 7-17 
SECTION 8 — PHYSICAL MANAGEMENT 
BO IMOVERVIEW. bites etait Beccta ie wiher'e ae Wind aase, Hoh WL ee as aes aca RR See Hw ard eee a 7-18 
S2 RESEL wtate veh aee heme ene See eee ee Ree Shee es MOEA A ee yee eae ee eo et 7-18 
3.3) INTERNAL LOOPBACK 6 icccasia atin Rare burt eee oh pe ee he eee Mire ee Meee Be 7-18 
3:4 STANDARD OPERATIONS «orca oie HE whe acai A brea eck SRS Ry RAE Hw alee be Aires ete 7-18 
Be NE sania eis tars pce See ich aes anos etek eae. Braue aay aS aa erase @ ane cise ee A eee 7-18 
3:6 COMMAND: RESPONSE: TIMING vc eis ae eae as 6 a lw ee has hee en oe Re eR eM 7-18 
SECTION 9 — ELECTRICAL SPECIFICATIONS TABLES. ............. 0... cece ee eee eee 7-20 








MC68194 . 


_ SECTION 1 
GENERAL DESCRIPTION 


1.1 TOKEN BUS LAN CARRIER BAND NODE OVERVIEW 1.2 CARRIER BAND MODULATION TECHNIQUE 


The MC68194 Carrier Band Modem (CBM) is part of 
Motorola’s solution for an IEEE 802.4 token bus carrier 
band Local Area Network (LAN) node. The CBM inte- 
grates the function of the single-channel, phase-coher- 
ent Frequency Shift Keying (FSK) physical layer. Figure 


1-1 illustrates the architecture of a token bus LAN node 


as commonly used in Manufacturing Automation Pro- 
tocol (MAP) industrial communications. Based on the 
ISO-OSI model, the LLC Sublayer and additional upper 
layers are typically supported by a local MPU subsystem, 
while the IEEE 802.4 token bus MAC Sublayer and Phys- 
ical Layer are implemented by the MC68824 Token Bus 
Controller (TBC) and MC68194 CBM respectively. . 

The MC68194 provides the three basic functions of the 
physical layer including data transmission to the coax 
cable, data reception from the cable, and management 
of the physical layer. For standard data mode (also called 
MAC mode), the carrier band modem receives a serial 
transmit data stream from the MC68824 TBC (called sym- 
bols or atomic symbols), encodes, modulates the carrier, 
and transmits the signal to the coaxial cable. Also in the 
data mode, the CBM receives a signal from the cable, 
demodulates the signal, recovers the data, and sends the 
received data symbols to the TBC. Communication 
between the TBC and CBM is through a standardized 
serial interface consistent with the IEEE 802.4 DTE-DCE 
serial interface. 

The physical layer management provides the ability to 
reset the CBM, control the transmitter, and do loopback 
testing. Also, an onboard RC timer provides a “jabber” 
inhibit function to turn off the transmitter and report an 
error condition if the transmitter has been continuously 
on for too long. Similar to the data mode, the CBM man- 
agement mode makes use of the TBC serial interface. 
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Figure 1-1. IEEE 802.4 Token Bus Carrier Band Node 


The CBM uses phase-coherent frequency shift keying 
(FSK) modulation on a single channel system. In this 
modulation technique, the two signaling frequencies are 
integrally related to the data rate, and transitions between 
the two signaling frequencies are made at zero crossings 
of the carrier waveform. Figure 1-2 shows the data rate 
and signaling frequencies. An {L} is represented as one 
half cycle of a signal, starting and ending with a nominal 
zero amplitude, whose period is equal to the period of 
the data rate, with the phase of one half cycle changing 
at each successive {L}. An {H} is represented as one full 
cycle of a signal, starting and ending with a nominal zero 
amplitude whose period is equal to half the period of the 
data rate. In a 5 Mbps implementation, the frequency of 
{L} is 5.0 MHz and for {H} is 10 MHz. For a 10 Mbps 
implementation, the frequency of {L} is 10 MHz and for 
{H} is 20 MHz. The other possible physical symbol is when 
no signal occurs for a period equal to one half of the 
period of the data rate. This condition is represented by 


{off}. | 
Data Rate Frequency of Lower 
MBPS Tone MHz {L} 
5 
10 


Figure 1-2. Data Rate versus Signaling Frequencies 
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The specified physical symbols ({L}, {H} and {off}) are 
combined into pairs which are called MAC-symbols. The 
MAC-symbols are transferred across the serial link. The 
encodings for the five MAC-symbols are shown in Figure 
1-3. Figure 1-4 shows the phase coherent FSK modulation 
scheme for ONE, ZERO, and NON-DATA. The IEEE 802.4 
document does not specify the polarity used to transmit 
data on the physical cable. The receiver must operate 


without respect to polarity. ee 
[Mac-Symbol_| Encoding | 


Silence {off off} 
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Figure 1-4. Phase-Coherent Modulation Scheme 
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1.3 MESSAGE (FRAME) FORMAT 


Although the CBM only uses MAC symbols one-at-a- 
time, the MAC or TBC is responsible for combining the 
above defined MAC symbols into messages (more cor- 
rectly called frames). For the purposes of the CBM, a 
simplified frame format can be used consisting of: 


SILENCE || PAD-IDLE | START DELIMITER | DATA | END 
DELIMITER || SILENCE 


where: 


PAD-IDLE alternating {LL} {HH} pairs which must 
occur in octets or groups of eight sym- 
bols. Pad-idle provides a training signal 
for the receiver and occurs at the begin- 
ning of every transmission (and 
between frames in a multiple frame 


transmission). 


START 
DELIMITER 


a unique pattern of eight symbols (one 
octet) that marks the beginning of a 
frame. The pattern is: 


ND1 ND2 0 ND1i ND2000 
where ND1 
transmitted. 


octets of ZERO/ONE patterns that are 
the actual data or “information” con- 
tained within the frame. 


is the first symbol 


DATA 


END 
DELIMITER 


a unique pattern of symbols that marks 
the end of a frame. The pattern is: 


ND1 ND2 1 ND1 ND2 1 {l=0/1} {0/1} 


where ND71 is the first symbol transmit- 
ted. Note that unlike the Start Delimiter, 
the last two bits of the End Delimiter 
octet are not always the same. The sev- 
enth bit of the octet is called the | Bit or 
Intermediate bit which = 1 when there 
is more to transmit and = 0 at the end 
of a transmission. 


A single transmission can consist of one or more 
frames. In a multi-frame transmission, Pad-idle is sent 
between consecutive frames to separate them. If an End 
Delimiter occurs within a multi-frame transmission its | 
Bit will = 1, and the last end delimiter will have its | Bit 
= 0. 

The CBM accepts a stream of MAC symbols from the 
TBC and modulates the phase-coherent transmit signal 
accordingly. Conversely, the CBM receives a phase- 
coherent signal stream from the cable, decodes the MAC 
symbols, and reports them. On transmission there is a 
direct one-to-one correlation between MAC symbols 
requested and the modulated signal; however, during 
reception exceptions can occur. The CBM is allowed to 
report Silence or the actual Zero/One pattern during 
preambie which is done to allow the receiver to “train” 
to the incoming signal. Also, if noise in the system has 
corrupted the data, it may show up as an incorrect MAC 
symbol or the CBM can report a BAD SIGNAL symbol if 
an incorrect combination of ND symbols is detected (ND2 
without an ND1, ND2 followed by ND2, etc.) 


1.4 SYSTEM CONFIGURATION 


Figure 1-5 illustrates the CBM and peripheral circuitry 
required for an IEEE 802.4 carrierband 5 Mbps or 10 Mbps 
data rate phase-coherent FSK physical layer. The CBM 
communicates with the MAC or TBC through a TTL com- 
patible serial interface that is consistent with the IEEE 
802.4 exposed DTE-DCE interface. Management and 
transmission symbol requests are accepted via the CBM 
physical data request channel (TXSYMO-TXSYM2, 
SMREQ*, and TXCLK). The physical data indication chan- 
nel (RXSYMO0-RXSYM2, SMIND*, and RXCLK) is used to 
send received symbols and management responses to 
the MAC. 

The periphery circuitry is primarily associated with 
interface to the LAN coaxial cable and data recovery. An 
external crystal or clock source is required (20 MHz for 
5 Mbps data rate or 40 MHz for 10 Mbps data rate) for 
onboard timing and transmit clock. Also, an RC timing 
network sets the jabber timeout period. 

The coaxial cable interface combines the transmit and 
receive signal functions. For transmission, the CBM pro- 
vides differential drive signals (TXOUT and TXOUT*) 
whose signaling is ECL levels referenced to Vcc (logic 
high = +4.1 V, logic low ~ +3.3 V) and a gate signal 
called TXDIS. The IEEE 802.4 standard puts specific 
requirements on the signal transmitted to the cable: 


Between +63 dB and +66 dB (1.0 mV, 75 ©) [dBmV] 
output voltage level. 


Transmitter-off leakage not to exceed — 20 dB 
(1.0 mV, 75 Q) [dBmvV]. 


Signal transition time window (eye pattern) 
dependent on data rate. 


Because of this, an external amplifier with waveshap- 
ing is required. The CBM TXOUT/TXOUT* outputs pro- 
vide complementary signals with virtually no slew, and 
the TXDIS is an enable signal he!pful for turning the exter- 
nal amp off “hard” to meet the low level leakage. 

On the reception side, the CBM requires a pre-amplifier 
to receive the low level signal from the cable. The signal 
available at the ‘‘F’’-connector can range from +10 dB to 
+66 dB (1.0 mV, 75 0) [dBmV]. The signal required at 
the CBM is about 12 dB above this (net gain through the 
transformer, pre-amp, and any filtering). The receiver can 
be used in full differential or single-ended mode. 

A second part of the receiver function is the signal 
detect or carrier detect function. The IEEE 802.4 requires 
that the receiver detect a signal of +10 dBmV or above 
(i.e., be turned “‘on’’) and report Silence for a signal of 
+4.0 dBmV or below (i.e., be turned “off’’). Therefore, a 
6.0 dB (2:1 voltage ratio) range or window is defined in 
which the signal detect must switch. The CBM is optim- 
ized for this range (including the pre-amp gain), although 
it is trimmed via an external THRESHOLD. 

The remaining external components are associated 
with clock recovery. A capacitor and resistor (internal R 
also provided) set one-shot timing, and an active filter 
for a PLL used in clock and data recovery is required. The 
active filter can be implemented via an op amp, or if 
5.0 volt operation is required, an alternate charge pump 
design can be used. The clock recovery and data decoder 
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Figure 1-5. Functional Block Diagram 


is a synchronous design which provides superior per- 
formance minimizing clock jitter. 

Although primarily intended for the IEEE 802.4 carrier. 
band, the CBM is also an excellent device for point-to- 


point data links, fiberoptic modems, and proprietary 
LANs. The MC68194 can be used over a wide range of 
frequencies and interfaces easily into different kinds of 
media. 


Symbol 


TXSYMO0-TXSYM2 


SMREQ* 


TXCLK 


RXSYMO0-RXSYM2 


SMIND* 


RXCLK 


EOTDIS* 


TXOUT,TXOUT* 


TXDIS 


JAB 


RESET 
RXIN, RXIN* 


FDBK, FDBK* 


Type 


TTL/* 


TTL/I* 


TTL/O 


TTL/O 


TTL/O 


TTL/O 


TTL/* 


ECL/O 


Oc 


TTL/O 


TTL/* 
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SECTION 2 
SIGNAL DESCRIPTION 


Name/Description 


TRANSMIT SYMBOLS — These TTL inputs are request channel signals used to send 
either serial transmission symbols in the MAC mode or commands in station man- 
agement mode. They are synchronized to TXCLK and are normally connected to the 
TXSYMX outputs of the MC68824. SMREQ* selects the meaning of these signals as 
either MAC mode or management mode. 


STATION MANAGEMENT REQUEST — A TTL input that selects the mode of the 
request channel signals TXSYMX. Synchronized to TXCLK, SMREQ* is equal to one 
for MAC mode and equal to zero for management mode. It is normally driven by the 
SMREQ* output of the MC68824. 


TRANSMIT CLOCK — A TTL clock output generated from the crystal oscillator (it is 
1/4 of the oscillator frequency) used to receive request channel symbols from the 
MC68824. TXCLK is equal to the data rate of the application (5.0 MHz or 10 MHz for 
IEEE 802.4). TXSYMX and SMREOQ* are synchronized to the positive edge of TXCLK 
which is supplied to the MC68824. 


RECEIVE SYMBOLS — These TTL outputs are indication channel signals used to 
provide either serial receive symbols in MAC mode or command confirmation/indi- 
cation in station management mode. They are synchronized to RXCLK and are nor- 
mally connected to the RXSYMX inputs of the MC68824. SMIND* selects the meaning 
of these signals as either MAC mode or management mode. 


STATION MANAGEMENT INDICATION — A TTL output that indicates the mode of 
the CBM and RXSYMX lines. Synchronized to RXCLK, SMIND* is equal to one for 
MAC mode and equal to zero for management mode. It is normally connected to the 
SMIND* input of the MC68824. 


RECEIVE CLOCK — A TTL clock output used to send indication channel symbols to 
the MC68824. Its frequency is nominally equal to the data rate (5.0 MHz or 10 MHz 
for IEEE 802.4). RXCLK is generated from a PLL that is locked to the local oscillator 
during loopback, station management, or the absence of received data. During frame 
reception the PLL is locked to the incoming received data. RXSYMX and SMIND* are 
synchronized to negative edge of RXCLK. 


END-OF-TRANSMISSION DISABLE — When low, this TTL input disables the end-of- 
transmission receiver blanking required by the IEEE 802.4 Spec, Section 12.7.6.3. 
When high the blanking works in accordance with the spec requirements. 


TRANSMIT OUTPUTS — A differential output signal pair (MECL level referenced to 
Vcc) used to drive the transmitter circuitry. The silence or “off” state is both outputs 
one (high). The output data stream is phase-coherent FSK encoded. 


TRANSMIT DISABLE — An open collector output used to disable transmitter circuitry. 
This output is high when the transmitter is off (TIXOUT and TXOUT* both high). 


JABBER — A TTL output signal generated from the jabber-inhibit timer. When equal 
to one, JAB indicates the timer has timed-out and an error has occurred. 


RESET — A TTL input signal that when high asynchronously resets the CBM. 


RECEIVER INPUTS — A differential input signal pair for the receiver amplifier/limiter. 
These inputs may be used differentially or single ended. 


DC FEEDBACK BYPASS — These two points are provided to bypass dc feedback 
around the receiver amplifier. 


*All TTL inputs include a 15 kO pullup resistor to Vcc. 








Symbol 


THRESHOLD 


GAIN 
CARDET 
RPW, CPW 
SET-PW 


UP*, DOWN* 


VCX 


VCM-C1,VCM-C2 
JAB-RC 


XTAL,1 XTAL2 


Vcc-VCM 
Vec-TXOUT 
Vcc-OSC 
Vec-RCV 


Vcc 
Vec TTL 


GND-TTL, GND-VCM, 
GND-LOGIC, GND-OSC, 


Type 


GND-RCV, GND-SUBS, GND 
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Signal Description (Cont.) 


Name/Description 


THRESHOLD ADJUST — The receiver threshold detect is trimmed with this pin. 


GAIN — This output can be used to monitor the receiver amplifier output signal. Used 
only for test purposes. . 


CARRIER DETECT — This output can be used to filter the internal signal that is sampled 
to sense carrier detect. 


PULSE-WIDTH RESISTOR/CAPACITOR — A resistor and capacitor set a one-shot pulse 
width used in the clock recovery circuitry. 


PULSE WIDTH TEST POINT — Output test point used for adjusting clock recovery 
one-shot pulse width. : 


PLL PHASE DETECTOR OUTPUTS — UP* and DOWN* are the pump-up and pump- 
down outputs, respectively, of the PLL digital phase detector. They are MECL levels 


referenced to +5.0 volts and are used to drive inputs to an active filter or charge 


pump for the PLL. 
VCM CONTROL — The control voltage applied to the PLL voltage controlled 


~ multivibrator. 


VCM CAPACITOR — VCM capacitor inputs. VCM frequency is 4X RXCLK. 


JABBER-INHIBIT RC — A resistor-capacitor network connected to this pin sets the 
jabber-inhibit time constant. 


CLOCK CRYSTAL — Oscillator circuit inputs may be used with a crystal or an external 
clock source. Oscillator frequency is 4X data rate. 


VCM POWER — 5.0 + 5% volts for VCM. 

TXOUT POWER — 5.0 + 5% volts for TXOUT/TXOUT*. 
OSCILLATOR POWER — 5.0 + 5% volts for oscillator. 

RECEIVER POWER — 5.0 + 5% volts for receiver amplifier/limiter. 
LOGIC POWER — 5.0 + 5% volts for remaining Jogic. 

TTL POWER — 5.0 + 5% volts for TTL output buffers. 


GROUND — Reference voltage for TTL buffers, VCM, internal logic, oscillator, receiver/ 
limiter, substrate respectively. Two additional grounds are used to isolate signals. 
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SECTION 3 
TRANSMITTER 


3.1 OVERVIEW 


The transmitter function includes the serial interface 
decoder, transmit modulator, transmit buffer, jabber 
inhibit, and clock generator. (Although the clock gener- 
ator is not used exclusively by the transmit function, the 
generator will be discussed here.) The MC68194 receives 
request channel symbols on the TXSYMX pins which are 
synchronized to TXCLK. As is described in the Serial Inter- 
face discussion, MAC transmit symbols are input serially 
(CBM in MAC mode), decoded, and used to modulate an 
output signal. The Serial Interface Decoder is used both 
for MAC mode to decode data transmit commands (sym- 
bols) and management mode to decode management 
commands. The decoded transmit commands or sym- 
bols are used by the Transmit Modulator to generate 
phase-coherent signaling as discussed in the CBM Gen- 
eral Description. The transmit buffer receives the mod- 
ulated signal and drives differential output signals. 

The clock generator provides TXCLK and internal 
clocks of 2 times (2X) and 4 times (4X) TXCLK. The 4X 
clock is actually the oscillator frequency. These clocks are 
used to receive the TX symbols and generate the mod- 
ulated signal. 


3.2 TRANSMIT BUFFER 


The modulated transmit data stream drives the 
TXOUT and TXOUT* pins of the MC68194. These pins 
are complementary outputs with closely matched edge 
transitions. This is useful in helping meet the IEEE 802.4 
carrierband requirement for a transmit jitter of less than 
+1% of the data rate. TXOUT and TXOUT* are gen- 
erally used to drive a differential amplifier which is used 
to achieve the necessary output level at the cable and 
meet the rise/fall time window (or “eye” pattern) of the 
IEEE 802.4. A third output called TXDIS is available to 
gate the amplifier circuitry on or off. 

The TXOUT and TXOUT* have ECL levels referenced 
to Vcc (Figure 3-1). Levels are typically 4.11 V for a high 
and 3.25 for a low. Pulldown resistors are required with 
the outputs specified to drive a maximum load of 220 0 
to ground reference. 

Operation of the transmit outputs is controlled in the 
following manner: 


1. Management mode — The TX outputs are always 
disabled while the CBM is in management mode. 
When leaving management mode the TX outputs 
remain disabled if a RESET command has been 
issued and an ENABLE TRANSMITTER and DISABLE 
LOOPBACK commands have not been issued. 
Resetting the CBM enables internal loopback and 
disables the transmitter. 


2. MAC (data) mode — After leaving management 
mode, the CBM can function in internal loopback 
(for test) with the transmitter disabled, out of loop- 
back with transmitter disabled (receive only), or in 
standard data mode with the TX outputs controlled 
by the modulator. 


| TXDIS 





Vec-TXOUT 


Figure 3-1. Transmitter Outputs 


3. Jabber inhibit activated — If the jabber inhibit fires, 
it forces the CBM into management mode and dis- 
ables the TX outputs. This condition can only be 
cleared by a reset condition. 

The TXDIS output is an open collector switched current 
source. TXDIS sinks a nominal 0.5 mA when the TXOUT/ 
TXOUT* outputs are enabled. TXDIS is off or high imped- 
ance when the transmitter is disabled. 

The signaling on the TX outputs and TXDIS is shown 
in Figure 3-2. The “off” or silence condition is both 
TXOUT outputs high and TXDIS also high. The figure 
shows an example of the signal pattern for both leaving 
and entering a silence condition. 


SILENCE 


TXDIS 


TXOUT 


TXOUT* 





Figure 3-2. Transmit Output Signaling 
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3.3 JABBER INHIBIT 


The jabber inhibit function prevents the transmitter 
from transmitting indefinitely. An external resistor and 
capacitor pair tied to the CBM JAB-RC pin set the max- 
imum time that the transmitter is allowed to transmit. 
When transmission is attempted for a period longer than 
the specified time, the jabber inhibit function forces the 
transmitter to shut down and alerts the system that this 
has been done by generating a PHYSICAL ERROR indi- 
cation on the serial interface indication channel. The error 
indication is removed only after a reset has occurred on 
the RESET pin or after a RESET command has been 
received on the station management interface. The ENA- 
BLE TRANSMITTER and DISABLE LOOPBACK com- 
mands can then be used to re-enable the transmitter out- 
puts. While the PHYSICAL ERROR indication is present, 
the normally-low JAB pin of the MC68194 will be high. 
This TTL output may be used to turn off external trans- 
mitter circuitry or an isolation relay. 

A block diagram of the jabber inhibit function is shown 
in Figure 3-3. When edges are present on the TXDATA 
line, the jabber capacitor is allowed to charge. When the 
transmitter stops transmitting, the capacitor is dis- 
charged. The circuit looks for any edges in the previous 
16 TXCLKs before deciding whether to charge or dis- 
charge the capacitor. When the capacitor voltage reaches 
the reference threshold, the comparator switches and the 
jabber output is latched. The jabber output is fed back 
internally and disables the transmitter. This signal is also 
brought out to the JAB pin for use in disabling external 
transmitter circuitry. 

For the IEEE 802.4 spec, the jabber timeout must be 
0.5 sec + 25%. An RC time constant of 265 millisec. will 
give about a 0.5 sec timeout. The maximum resistor size 
is 125 kQ. Components should be 10% tolerance or better. 
Common values are R = 120 kQ and C = 2.2 uF. 


3.4 CLOCK GENERATOR 


The clock generator is used to generate all of the trans- 
mit timing, TXCLK, and internal CBM timing for station 
management and loopback. The generator consists of a 
crystal oscillator/buffer that drives +2 and +4 stages. 







PHYSICAL MANAGEMENT 
OR HARDWARE RESET 


The oscillator frequency must be four times (4X) the serial 
data rate. As an example, the IEEE 802.4 5 Mbps carrier 
band (TXCLK = 5.0 MHz) requires an oscillator frequency 
of 20 MHz. The basic circuit is a single transistor Colpitts 
oscillator as shown in Figure 3-4. 

The oscillator is used in one of three modes depending 
on the data rate and the application: 


1. With a parallel-resonant, fundamental mode crystal. 
2. With a parallel-resonant, overtone mode crystal. 
3. With an external clock source. 


The fundamental mode can typically be used up to 
frequencies of about 20 MHz; this is crystal dependent 
and some crystal types can be used as high as 40 MHz. 
Beyond the fundamental mode upper limit, an overtone 
mode crystal is used. An alternative to a crystal is an 
external clock source such as an integrated crystal clock 
to drive the CBM. 


3.4.1 Parallel-Resonant, Fundamental Mode Crystal 


Figure 3-4 shows the external crystal and capacitors 
C1 and C2 used for fundamental mode operation. The 
crystal must be parallel resonant with a maximum series 
resistance of 30 ©. 

This configuration is normally used for the IEEE 802.4 
5 Mbps carrierband standard. The required transmit fre- 
quency stability is + 100 ppm (0.01%). It is suggested 
that a crystal with a total frequency tolerance (calibration 
tolerance, temperature variation, plus aging) of + 50 ppm 
to + 60 ppm be used. The remaining frequency budget 
is reserved for the CBM and other components over tem- 
perature and power supply variation. 

The series combination of C1 and C2 should be equal 
to the specified crystal load (typically 20 pF or 32 pF). 
Additionally, C1 and C2 should be large enough to swamp 
out the CBM device capacitance. The XTAL1 input capac- 
itance is typically 1.5 pF to 2.0 pF, and C1 should be at 
least an order of magnitude greater (C1 > 20 pF). Also, 
C1 must be greater than the crystal load capacitance 
because of the series combination of C1 and C2. Gen- 
erally the ratio C1:C2 is from 1:1 to 3:1. 


R JAB C JAB JAB PIN 


INTERNAL 
JABBER INHIBIT 


Figure 3-3. Jabber Inhibit Block Diagram 
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For a 20 pF crystal load: operating frequency the tank circuit impedance will 
_ appear capacitive; therefore, the load to the crystal is C1 

and 20 Di SC ICGNGL Ce) in series with the capacitive reactance of the tank circuit. 
o vt This series combination should be equal to the desired 

<2 = 20 DEIGING 1 =20 pF) crystal load. Typically, C2 will increase in value as com- 

Typical values are C1 = 60 pF and C2 = 30 pf. pared to the fundamental mode situation because of the 


cancelling effects of L1. Again the user is directed to the 


It is suggested that best results will be had with close above reference for optimum selection of components. 


tolerance (5%) NPO ceramic capacitors — trimming 
should not be required. If trimming is necessary, a third 3.4.3 External Clock Source 
trimming capacitor C3 can be placed in series with the 
crystal. Capacitors C1 and C2 will have to be increased 
in value because the crystal load now becomes C1 and 
C2 and C3 in series. For help in designing the capacitor 
network the user is directed to Design of Crystal and 
Other Harmonic Oscillators, B. Parzen, Wiley, 1983. 


Figure 3-5 shows the connection used for a TTL com- 
patible external clock source. XTAL1 and XTAL2 are tied 
together defeating transistor Q1. External resistor R1 = 
2.0 kQ. assures a high level greater than 3.0 V at an input 
current of 800 nA. The TTL driver must be capable of 
sinking 2.5 mA. 

3.4.2 Paraliel-Resonant, Overtone Mode Crystal 

Figure 3-4 also shows the network used for overtone 
mode operation. The crystal is still parallel resonant, but 
must be specified for overtone (harmonic) operation at 
the desired frequency. A low series resistance of less than reser 
30 2 is recommended. 


TO 


OVERTONE BUFFER 


XTAL 


So 
L1 
An C3 





Figure 3-5. TTL Compatible Clock Source Driving CBM 





The IEEE 802.4 for 5 Mbps or 10 Mbps data rate car- 


Figure 3-4. Crystal Oscillator Schematic Shows rier band requires a transmit frequency stability of 
Configurations For Both Overtone and + 100 ppm (0.01%). The external clock source must be 
Fundamental Modes specified for this stability over temperature. 


Inductor L1 and capacitor C2 form a tank circuit that is 
parallel resonant at a frequency lower than the desired 
crystal harmonic but above the next lower odd harmonic. 
C3 = 0.01 uF is a de blocking capacitor to ground. At the 
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| SECTION 4 
‘RECEIVER AMPLIFIER/LIMITER WITH CARRIER DETECT 


4.1 OVERVIEW . aa ee a 
The IEEE 802.4 spec provides that the incoming signal 


range for good signal is +10 dB (1:0 mV, 75 Q) [dBmV] 


to +66 dB (1.0 mV, 75 2) [dBmvV] available at the modem 
connector. The IEEE 802.4 further specifies that the 
modem will report silence for any signal below +4.0 dB 
(1.0 mV, 75 0) [dBmV). Therefore, the receiver function 
must amplify any signal of +10 dBmV and above to lim- 
iting for good data recovery, and the signal detect must 
switch within the + 4.0 dBmV to +10 dBmV window, that 
is, it must be “off” for +4.0 dBmV and below, and’ be 
“on” for +10 dBmV and above. The MC68194 requires 
a pre-amplifier of about 12 dB in front of the onboard 
amplifier and carrier detect function. Clock and data 
recovery are extracted from the amplified/limited incom- 
ing signal, and the carrier detect is used to control the 
clock and data recovery function based on presence of 
good signal. 


4.2 AMPLIFIER 


Figure 4-1 shows a simple block diagram of the receiver 
amplifier. Internally, dc feedback is used to bias the ampli- 
fier, and connection points FDBK and FDBK* are provided 
to ac bypass the feedback. With both receiver inputs RXIN 
and RXIN* available, the device can be wired either for 


differential or single-ended Operation: Differential is pre- 


ferred for low noise. 


An external preamplifier with gain of about 12 dB is 
used with the onboard amplifier. The pre-amp can drive 
the CBM either single-ended or differentially. The 
onboard amplifier output signal is used in two ways. One 
path adds an additional limiter stage and is used to drive 
the clock and data recovery stages. The second path is 
used to develop carrier detect. ° 

-In the signal window where carrier detect must be 
active, the internal amplifier remains in the linear (non- 
limiting) range. Its output is fullwave rectified, and the 
rectified signal is compared to an onboard threshold that 
is temperature and voltage compensated. The rectified 
signal is also brought out to an external lead called 
CARDET. A capacitor can be added at this pin which com- 
bines with the series 125 0 resistor to form a low pass 
filter. This filtering is used to knock any high frequency 
noise off of the signal. The output of the comparator is 
a series of pulses (when the signal amplitude is suffi- 
ciently large) which are nelly ts a in the internal 
squelch signal. 


4.3 CARRIER DETECTION THRESHOLD 


The carrier detect threshold is internally generated and 
compensated for power supply and temperature varia- 
tion. The THRESHOLD pin is provided to adjust the 
threshold via an external resistor tied to Vcc. 


> OR 
M 
NOR fe RXMUX 


[> CARDET | 70 SQUELCH 
> CARDETS 


CARDET CIC THRESHOLD 7 


(A) Receiver Used in Differential Mode: 


[> OR TO RXMUX 
> NOR 
peal ie: [> CARDET | to SQUELCH 
coraiesl [> CARDETS 
— 1050 


V 
CARDET JCJ THRESHOLD CC 


(B) Receiver Used in Single-Ended Mode 





Figure 4-1. Receiver Amplifier With Carrier Detect 
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SECTION 5 
CLOCK RECOVERY 


5.1 OVERVIEW 


The clock recovery circuitry is a key part of the receive 
function providing RX clock, a 2 times (2X) RX clock, and 
a 4 times (4X) RX clock for data recovery and to send 
receive symbols to the MAC. Figure 5-1 is a simplified 
functional schematic of the clock recovery logic. The clock 
recovery is fed by the output stage of the receive ampli- 
fier. The phase-coherent signal contains frequency com- 
ponents equal to 1X and 2X the serial data rate. Figure 
5-2 shows an example of timing for a 5 Mb/s serial data 
rate. The RXOUT signal drives a one-shot with a time 
period of 75% of 1/2 bit time; this locks out edges caused 
by the higher frequency component. The one-shot is non- 
retriggerable and is triggered on both positive and neg- 
ative going edges. This produces a pulse for every edge 
of the lower frequency. 

The output of the one-shot is divided by 2 to produce 
a 50% duty cycle signal equal in frequency to the lower 
frequency of the phase-coherent signal. In turn, the +2 
flip-flop output runs through a multiplexer to a phase- 
locked loop (PLL) system. The multiplexer selects the 
RXOUT signal when carrier detect is present; otherwise 
the local oscillator divided by 4 is selected. 

The PLL system consists of a digital phase detector, an 
active loop filter, a voltage-controlled multivibrator 
(VCM), and a divide-by-4 feedback counter. When in 
phase lock, the output of the divide-by-4 feedback counter 
is locked to the reference clock. in turn, the VCM 4 times 
clock is also aligned with the reference clock as shown 
in Figure 5-2. 

The 4 times clock from the VCM, the 2 times clock, and 
the 1 times clock are all in phase (when the PLL is phase- 
locked) with the reference clock, and are used to do data 
recovery. Note that the reference clock can be 180° out 
of phase with the bit time boundaries (Figure 5-2). This 
does not affect the 2X and 4X clocks which are used to 
sample the data. However, RXCLK can be out of sync 
with the bit time boundaries and special circuitry in the 
data recovery logic detects and corrects this condition. 

When no valid input signal is available from the receive 
amplifier (carrier detect is not asserted), the multiplexer 
selects the local clock as a reference. This has the advan- 
tages of: 


1. Supply a RXCLK when no data is present. 


2. Holding the PLL in frequency lock so that only phase- 
lock must be achieved when switching to the RX 
signal. 


3. Providing a smooth transition for RXCLK when mov- 
ing from the local oscillator (at the beginning of a 
frame) and vice versa (at the end of a frame). The 
PLL acts as an integrator. 


The IEEE 802.4 provides a PAD-IDLE or training signal 
at the beginning of any transmission. The PAD-IDLE for 
phase-coherent FSK is an alternating one and zero pat- 
tern, and the PLL is capable of being locked-in well within 
the 24 bit times (3 octets). The design goal is to be locked- 
in within 12-16 bit times. Data recovered during this 


SELECT 


LOCAL CBM 
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2X CLOCK 
4X CLOCK 
RECOVERY 
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Figure 5-1. Clock Recovery Logic 


lockup time at the beginning of a transmission can be 
invalid because the PLL clocks are not sync’ed. As a result 
the data recovery logic forces silence for 17-18 bit times 
after the carrier detect switches the reference clock (via 
the multiplexer) at the beginning of a received 
transmission. 


5.2 ONE-SHOT 


As previously stated, the one-shot is used to lock out 
the transitions due to the higher frequency component 
of the phase-coherent signal. The one-shot is non- 
retriggerable and fires off both edges of the incoming 
RXOUT signal. The time period should be set to 75% 
of half the bit time. As an example, the 5 Mb/s data rate 
has a 200 nsec bit time and the one-shot period then 
has a period of 75 nsec. 


ND PAIR 

"4 uw “go” "4 wt “Q" Fae aes 
BIT TIME 

et | | | 4 _| 


75% OF 1/2 
BIT TIME | | | | | | 


ee ee oe ee 


REP CK (2) a ee 


(SEE NOTE cd | | | | | | 


vem (IN Lock) FLT 


(4X BIT RATE) ‘ 
NOTE: Ref clock can also be 180° out of phase with bit time. 


Figure 5-2. Clock Recovery Timing Signals 
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Figure 5-3 shows the arrangement of the external tim- 
ing capacitor and resistor. The internal resistor Rint may 
be used with or without an external resistor. A test pin 
is also provided (SET-PW) to monitor the pulse width. 

For 5 Mbps operation, typically RPW = 1.5 kO and Cpw 






= 33 pF. 
CBM +5V 
CEXT 
RINT = 300 2 
SET-PW Rew 
NEEDED (TP) 
ONLY REXT 
FOR 
TEST 
Pw» 


ae 


Figure 5-3. One-Shot Timing Components 


600 mV 


5.3 PHASE-LOCKED LOOP (PLL) COMPONENTS 


The PLL consists of a digital phase detector (PD), an 
active loop filter, a VCM, and a divide-by-4 feedback path. 
Figure 5-4 shows the fundamental elements of the PLL 
with their gain constants. The basic PLL allows the output 


' 5.3.1 Phase Detector (PD) 


frequency / to be “locked-on” to the input frequency /;. 


with a fixed phase relationship and to track it in fre- 
quency. When “‘in lock” the inputs to the phase detector 
have zero phase error. The input frequency is referenced 
to fo/4-. 

A PLL follows classic servo theory and equations. In 
the following discussion a working knowledge of a PLL 
is assumed. For more background and applications infor- 


mation on PLL, the user is directed to motores Appli- 


cation Note AN535. 


dis 





PHASE 
DETECTOR 
Kp 


FILTER 


Bolsl4 Ky 


Oels) = (1/[1 + G(s) H(s)] ) Oils) 


Dols) = ( G(s) / [ G(s) H(s)] ) Dj(s) 
where: 


- Reference: Motorola App Note AN535 


Figure 5-4. PLL Elements and Loop Equations 
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The phase detector produces a voltage proportional to 
the phase difference between @j(s) and Oo(s)/4. This volt- 
age after filtering is used as the control signal for the 
VCM. The PD has pump-up UP* and pump-down DOWN* 
outputs with a typical 800 mV logic swing. UP* produces 
a low level pulse equal in width to the amount of time 
the positive edge of @; (REF CLOCK) leads the positive 
edge of 0/4 (VCM/4). DOWN* produces a low level pulse 
equal in width to the amount of time the positive edge 
of Qj lags Oo/4. Both pulses will not occur on the same 
clock cycle as ®o/4 must either lead or lag @j.-when the 
PLL is out of lock. When in-lock, both outputs produce a 
very narrow pulse or negative spike. 

The gain of the phase detector is equal to (reference 
Motorola app note AN532A): 


Kp = (Logic swing)/27 = 800 mV/2m = 0.127 V/radian 


5.3.2 Voltage Controlled Multivibrator (VCM) 

The operating frequency range of the VCM is deter- 
mined by the capacitor tied to pins VCM-C1 and VCM- 
C2. The capacitor should be selected to put the desired 
operating frequency in the center of the VCM tuning 
range. "i 

The transfer function of the VCM is given by: 


Ko aol Ky/s 


where Ky is the sensitivity in radians per second per 
volt. Ky is found by: 


[(Upper frequency limit) — (Lower frequency limit)]2a 
(Control voltage tuning range) 


27 (Af)/AVCxX rad/s/V 


Ky= 


il 


2a (A/)(AVCx)s rad/s/V 


5.3.3 Loop Filter 


Since a Type 2 system is required (phase coherent out- 
put, see reference AN535), the loop transfer function of 
Figure 5-4 takes the form: 


G(s) H(s) = [K (st+a)] / s2 


Writing the loop transfer function (from Figure 5-4) and 
relating it to the above form: 


G(s) H(s) = [KpKyKyK¢] /'s = [K (s+a)] / s2 


Having determined Kp, Ko, and that Ky = 1/4 then K f 
(filter transfer function) must take the form: 


= (s+a)/s 


An active filter of the form shown in Figure 5-5A gives 
the desired results, where: 


Ky = (R2 Cs+1)/R1Cs (for large A) 


The active filter can also be implemented as shown in 
Figure 5-5B using an alternate approach of a charge 
pump. The advantage of the charge pump design i is that 
it can be implemented using only a single 5.0 volt supply. 
Its transfer function is: 


Ky = (RCs +1)/Cs 
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Figure 5-5A. Active Filter Using Op Amp 


Vcc 





MPSH81 
MPS2369 


VCX 


Figure 5-5B. Charge Pump/Filter 


5.3.4 Loop Characteristics 


If an active filter as shown with an op amp is used, the 
general PLL loop transfer function now becomes: 


G(s) H(s) = Kp Ke Ko Ky 
= Kp (R2 C s+1)/R1 Cs] (Ky/s) (1/ N) 
Its characteristic equation is set to the form: 
C.E. = 1 + G(s) H(s) = 0 
s2 + (Kp Ky R2) s/ (Ri N) + (Kp Ky) /(R1 CN) 
Relating to the standard form (s2 + 2w,S + wp2) and 
solving: 


wn? = (Kp Ky) /R1CN 2f0m = (Kp KyR2)/R1 N 
where 

®ry = Natural frequency 

¢ = damping factor. 


ell 


lf a charge pump loop filter is used, the general PLL loop 
transfer function alternately becomes: 


G(s) H(s) Kp Ke Ko Ky : 
Kpl(R Cs + 1)/Cs] (Ky/s) (1/N) 


Its characteristic equation is set to the form: 


C.E. = 1+ (Gs)H(s)=0O0 | 
= s2 + (Kp Ky R) s/(N) + (Kp Ky) / (CN) 


Relating to the standard form (s2 + 2fwpS + #72) and 
solving: 


SECTION 6 
DATA RECOVERY 


6.1 OVERVIEW 


The RXOUT signal from the receive amplifier and 
clocks generated by the clock recovery logic are used by 
the data recovery logic. The MC68194 recovers the data 
from the encoded receive signal by opening sampling 
windows around the 1/4 and 3/4 bit time positions and 
looking for edges in the received signal (refer to Figure 
6-1 for the encoded data representations). A data ONE 
has transitions only at the 0 and 1/2 bit time positions. A 
data ZERO has transitions at the 0, 1/4, 1/2, and 3/4 bit 
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Le BIT TIME -m| 

| |O5{| | 

0 0.25 0.75 

| ONE | ZERO | ND1 | ND2 | 


Figure 6-1. Encoded Data Representation 
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time positions. A NON-DATA symbol has transitions at 
the 0, 1/4, and 1/2 bit time positions (ND1) or at the 0, 
1/2, and 3/4 bit time positions (ND2). NON-DATA symbols 
should always occur in pairs; each pair is made up of 
one of each type of NON-DATA encoded symbols as 
shown in Figure 6-2 (ND1 followed by ND2). 

ONEs, ZEROs, and NON-DATA pairs can be easily 
decoded by keeping track of the 1/4 and 3/4 bit time posi- 


tion transitions. The ONEs, ZEROs, and NON-DATA pairs - 


are then reported on the RXSYMX pins as described in 
the serial interface discussion. Two other conditions can 
also be reported while receiving in MAC mode — BAD 
SIGNAL and SILENCE. BAD SIGNAL is reported when a 
ND1 symbol is not followed immediately by a ND2 sym- 
bol or when a ND2 symbol is received and not immedi- 
ately preceded by a ND1 symbol. 

SILENCE is reported when one of four conditions 
occurs: 


1. When the amplitude of the received signal is not 
large enough to trigger the on-chip carrier detect 
circuit. Reporting SILENCE when the carrier detect 
signal is not asserted prevents the chip from 
responding to low level noise. 


2. When in internal loopback mode and SILENCE is 
being requested on the TXSYMX pins, SILENCE will 
be reported on the RXSYMxX pins. An internal digital 
carrier detect is used during loopback and this signal 
is negated when SILENCE is requested on the 
request channel. 


3. During the PLL training period at the beginning of 
a transmission. When an incoming signal first trig- 
gers the carrier detect in the amplifier, the PLL must 
lock to the new reference clock (generated from the 
data stream). During the lockup time, recovered data 
may not be valid. The data recovery logic forces 
SILENCE for a fixed period of time (17-18 bit times). 


4. During end-of-transmission blanking. See Section 
6.2. 


The PAD-IDLE at the beginning of a transmission is 
used as a training signal as described in the clock recov- 
ery section. After the PLL has achieved lock, the 
recovered clock at this point may be in phase or 180° out 
of phase with the bit time clock at the sending end. This 
creates a problem for RXCLK and the data recovery logic 
because symbols would be decoded as the wrong com- 
bination of 1/2 bit time transitions. 

Logic in the data recovery circuitry corrects for this 
situation. If the clock is 180° out of phase, the PAD-IDLE 
sequence (ONE, ZERO, ONE, ZERO, ONE,...) will be 
decoded as a sequence of NON-DATA symbols. Refer to 
Figure 6-2. In normal data reception, NON-DATA symbols 
occur only in pairs; there are never three or more in a 
row. Therefore, three or more NON-DATA symbols occur- 
ring in a row indicate that the bit time clock is 180° out 


G 
PAD-IDLE | LJ LJ LJ LJ LJ L 


SEQUENCE 


BIT TIME . 

CLOCKIN | ONE { Zero | ONE | zeRO | 
PHASE 

BIT TIME 


CLOCK 180° | np2 | Ndr | No2 | 
OUT OF | 


PHASE 


Figure 6.2 Training Sequence Decoded With In-Phase 
and Out-Of Phase Clocks 


BIT TIME 
x 


RECEIVED SIGNAL [] JL | ru | etal | pag | Au 


{ no2 | ND1 | ND2] ND1 | ZERO! ONE |ZERO! ONE |ZERO| 
NON DATA INDICATOR 


macioe, FLL LLL Le 


CLOCK SLIPPED 
1/2 BIT TIME 


Figure 6-3. Clock Slip To Bring In Phase With 
Data Stream 


of phase and the bit time clock (RXCLK) must be slipped 
as shown in Figure 6-3. The clock frequency and phase 
have now been recovered and symbol decode proceeds 
as described above. 


6.2 RECEIVER END-OF-TRANSMISSION BLANKING 


The IEEE 802.4 requires that the physical layer recog- 
nize the end of a transmission and report silence to the 
MAC for a period thereafter. This period of silence is 
referred to as blanking and must meet the following 
conditions: 


1. Blanking must begin no later than 4 MAC-symbol 
times after the last MAC-symbol of the End Delimiter 
(i.e., the last End Delimiter of the transmission). 


2. Blanking must continue to a point at least 24 MAC- 
symbol times but not more than 32 MAC-symbol 
times from the last MAC-symbol of the End 
Delimiter. 


The MC68194 provides this function by recognizing the 
last End Delimiter of a transmission (| Bit = 0, see Section 
1.3). The CBM reports silence for 32 symbols after the 
last symbol of the End Delimiter. 

The blanking function can be disabled for test purposes 
or non-lEEE 802.4 applications via the EQTDIS* input. — 
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SECTION 7 
SERIAL INTERFACE 


7.1 OVERVIEW 


The serial interface is composed of the Physical Data 
Request Channel and the Physical Data Indication Chan- 
nel. The serial interface is used to pass commands and 
data frames to and from the CBM. 


7.2 PHYSICAL DATA REQUEST CHANNEL 


Five signals comprise the physical data request chan- 
nel. Three of these signals (TXSYM2, TXSYM1 and 
TXSYMO) are multiplexed and have different meanings 
depending on the mode of SMREQ*. When SMREQ* is 
equal to one, the MAC mode is selected. When SMREQ* 
is equal to zero, the physical layer management mode is 
selected. 


7.2.1 TXCLK — Transmit Clock 


The transmit clock can be from 1.0 to 10 MHz. TXSYM2, 
TXSYM1, TXSYMO and SMREQ* are synchronized to 
TXCLK. The IEEE 802.4 standard for carrier band allows 
for 5.0 or 10 MHz clocks. 


7.2.2 SMREQ* — Station Management Request 


SMREQ* directs the physical layer to be in MAC or 
physical layer management mode. In MAC mode 
SMREQ* = 1 and in management mode SMREQ* = 0. 


7.2.3 TXSYMO, TXSYM1, and TXSYM2 — Transmit 
Symbols 


In physical layer management mode TXSYM2, 
TXSYM1 and TXSYMO have the meanings shown in Fig- 
ure 7-1. 


[state _—*( Y[ Tx [ TSI 


RESET 

DISABLE LOOPBACK 
ENABLE TRANSMITTER 
SERIAL SM DATA/IDLE 










-=OoO- 


1 
1 
1 


0/1 





Figure 7-1. Request Channel Encoding for Physical 
Management Mode (SMREQ* = 0) 


The CBM supports only four station management com- 
mands (RESET, LOOPBACK DISABLE, ENABLE TRANS- 
MITTER and IDLE) encoded on lines TXSYM2, TXSYM1 
and TXSYMO. The CBM does not support the SMDATA 
commands, but responds with a ““NACK”. In MAC mode, 
the encoding for TXSYM2, TXSYM1, and TXSYMO are 
shown in Figure 7-2. 











ZERO | 0 0 
ONE 0 0 
NON-DATA 1 0 
PAD-IDLE 0 1 
SILENCE 4 1 


Where: ks 
ZERO is binary zero. 
ONE is binary one. 
NON-DATA is-a delimiter flag and is always present in 
pairs. | i 
PAD-IDLE is one symbol of preamble/interframe idle. 
SILENCE is silence or no signal. 


Figure 7-2. Request Channel Encoding For MAC Mode 
~  (SMREQ* = 1) 


7.3 PHYSICAL DATA INDICATION CHANNEL 


Five signals comprise the physical data indication 
channel. Three of these signals (RXSYM2, RXSYM1 and 
RXSYMO) are multiplexed and have different meanings 
depending on the state of SMIND*. When SMIND* is 
equal to one, the physical layer is in MAC mode and when 
SMIND* is equal to zero, the physical layer is in man- 
agement mode or an error has occurred. 


7.3.1 RCXLK — Receive Clock 


The receive clock can be from 1.0 to 10 MHz. RXSYM2, 
RXSYM1, RXSYMO, and SMIND* are synchronized to 
RXCLK. The IEEE 802.4 standard forcarrier band networks 
allows 5.0 or 10 MHz clocks. 


7.3.2 SMIND* — Station Management Indication 


SMIND* indicates whether the physical layer is in MAC 
mode (SMIND* = 1) or management mode (SMIND* = 
0) of operation. When in MAC mode of operation, the 
physical layer has RXSYM2, RXSYM1, and RXSYMO 
encoded indicating data reception. When in management 
mode of operation, the physical layer RXSYM2, RXSYM1 
and RXSYMO are encoded to confirm response to 
received commands or to indicate a physical error (jabber 
inhibit). 


7.3.3 RXSYMO, RXSYM1 and RXSYM2 — Receive 
Symbols 


The encoding for RXSYM2, RXSYM1, and RXSYMO in 
physical management mode is shown in Figure 7-3: 


> | 
0 
1 





NACK (non-acknowledgement) 1 0 
ACK (acknowledgement) 0 
IDLE 0 
Physical Layer Error 1 


*Indicates RXSYMO contains the SM RX data when responding to.a 
serial data command. 


Figure 7-3. Indication Channel Encoding For Physical 
Management Mode (SMIND* = 0) 


The encoding of RXSYM2, RXSYM1, and RXSYMO in 
MAC mode is shown in Figure 7-4. 


Symbol RXSYM2 | RXSYM1 | RXSYMO 
ZERO 0 
1 
xX 
. X 
Xx 
Where: 


ONE 
NON-DATA 

SILENCE 

BAD SIGNAL 

ZERO is the received data zero. 

ONE is the received data one. 

NON-DATA is a delimiter flag and is always present in 
pairs. 

SILENCE is silence or no signal. 

BAD SIGNAL is received bad signal. 

X = Don’t care. 














Figure 7-4. Indication Channel Encoding For MAC 
Mode (SMIND* = 1) . 
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SECTION 8 
PHYSICAL MANAGEMENT 


8.1 OVERVIEW 


The MC68194 supports four physical management 
commands on the request channel: RESET, DISABLE 
LOOPBACK, ENABLE TRANSMITTER, and IDLE. The 
serial data station management commands are not 
implemented in the MC68194. These unimplemented 
commands are typically used to set up and read registers 
or control bits within a more complex modem. The CBM 
does not have registers and does not require the 
SMDATA commands. Upon reception of a SMDATA com- 
mand, the CBM will respond with a NONACKNOW- 
LEDGEMENT (NACK) and a response byte in accordance 
with the IEEE DTE-DCE Interface Standard. The data in 
the response byte is all ZEROs. Receipt of a RESET, DIS- 
ABLE LOOPBACK, or ENABLE TRANSMITTER command 
will abort the SMDATA response. 


8.2 RESET 


The RESET command performs the same function as 
the RESET pin; the internal loopback mode is enabled, 
the transmitter outputs are disabled and TXDIS is ena- 
bled, and the jabber inhibit timeout is cleared. In addition 
the RESET command will generate an ACKNOWLEDGE- 
MENT response (ACK) on the RXSYMx pins. 

The RESET pin is an asynchronous function. When 
taken high it resets the CBM as described above leaving 
the CBM ready to respond to the physical data request 
channel. 

NOTE: For the MC68194 to respond properly to com- 
mands after a hardware reset, the request channel must 
either be in MAC mode upon exiting the hardware reset 
or the request channel must go to MAC mode briefly 
before going to management mode. If the MC68194 is in 
management mode upon exiting the hardware reset, it 
remains reset and does not recognize the command 
because it is waiting for a MAC mode to management 
mode transition. This situation can be corrected by either 
exiting hardware reset with the request channel in MAC 
mode or putting the request channel in MAC mode briefly 
before issuing any management commands. See Section 
8.6 for command response timing. 


8.3 INTERNAL LOOPBACK 


The internal loopback mode is provided for testing the 
CBM. In this mode a multiplexer selects the internal trans- 
mitter signal to drive the clock recovery and data recovery 
portions of the receive circuitry. This transmit signal is 
taken just prior to the output buffer stages of the trans- 
mitter circuit. 

The loopback mode can only be selected via RESET 
(management command or external pin). Loopback 
mode is exited upon receipt of the management com- 
mand DISABLE LOOPBACK. The CBM will respond with 
ACK to this command. 

A normal sequence of events to test the CBM then 
would be: 

1. Initialize the CBM via a RESET command or hard- 
ware reset. 
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2. Return to MAC mode and send test data. The eid 
is full duplex. 


3. In management mode, send DISABLE LOOPBACK 
command to exit loopback. 


Following the test the modem can be setup for standard 
operation. 


8.4 STANDARD OPERATION 


Standard operation requires that the transmitter be 
enabled as well as disabling loopback. The transmitter is 
automatically disabled on RESET. Three things must hap- 
pen after a RESET before transmissions can begin: 


1. Loopback mode must be exited with the DISABLE 
LOOPBACK command. The MC68194 responds to 
this command with the ACK management response. 


. The transmitter must be activated with the ENABLE 
TRANSMITTER command. The MC68194 responds 
to this command with the ACK management 
response. 


. The MC68194 must exit the management mode and 
enter the MAC data mode. 


The CBM is now ready to send and receive data, i.e., 
the CBM is in MAC or data mode, loopback is disabled, 
and the transmitter is enabled. 


8.5 IDLE 


The CBM provides the IDLE response when an IDLE 
management command is received. In addition, the IDLE 
response is returned for all invalid, as yevrece to unim- 
plemented (SMDATA} commands. 


8.6 COMMAND RESPONSE TIMING 


The MC68194’s management command/response 
operation is: 


1. ACK response to RESET, DISABLE LOOPBACK, and 
ENABLE TRANSMITTER within 2 clock periods. As 
shown in Figure 8-1, the precise response time 
depends on the relative phase of the TXCLK and the 
RXCLK signals. If they are in phase, the response 
will be available at the RXSYM«x pins 1.5 clocks after 
the command is latched. If the clocks are 180° out 
of phase, the delay will be 2 clocks. The command 
should be held on the TXSYMX pins until the 
response is received on the RXSYMxX pins. 


2. The IDLE command and all invalid commands will 
produce the IDLE response with the same delay as 


described above. 


. The SMDATA command response timing is shown 
in Figure 8-2. The NAK response to the SMDATA 
command is available on the RXSYMX pins in 2.5 
or 3 clock periods depending on the relative phases 
of the TXCLK and RXCLK signals. When NAK 
becomes valid, RXSYMO is low creating a start bit 
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for the response byte. NAK is held for 9 clock periods 
with RXSYMO low (start bit plus 8 ZERO data bits). 
NAK is held for one additional clock with RXSYMO 
high. This is the stop bit and mark the end of the 
SMDATA response byte. 12.5 or 13 clock periods 
after receiving the SMDATA command the NAK 
response is removed. 


In management mode, RXCLK is always locked to 
TXCLK. These clocks may be in phase or 180° out of phase 
as discussed above. This uncertainty exists because the 
clock recovery PLL can lock to either phase of the local 
clock. The response delays relative to TXCLK may there- 
fore differ by 1/2 clock period. The MC68194 must leave 
management mode, enter MAC mode, and return to man- 
agement mode for a phase change to occur. The relative 
phase of the two clocks will not change while in man- 
agement mode. 

Because the clock recovery PLL requires a training 
period when first entering management mode, the PLL 


must have sufficient time to lock to the new clock source 
(TXCLK) before being required to provide a response. To 
provide enough time for the PLL to lock up, the MC68194 
delays 16.5 to 17 clock periods before entering station 
management mode (SMIND* = 0) after the station man- 
agement mode is selected (SMREQ* = 0). Refer to Figure 
8-3 for the timing diagram. During this delay, the MAC 
mode SILENCE response will be present on the RXSYMX 
pins. 

Users must be aware that when first requesting man- 
agement mode there wili be this added delay before the 
mode is entered and a response is available. If a man- 
agement command is sent along with the station man- 
agement mode request (SGMREQ* = 0) and held on the 
TXSYMX pins until the CBM enters station management 
mode, the proper response will be available on the 
RXSYMX pins immediately except in the case of SMDATA 
commands. SMDATA commands must not be requested 
on the TXSYMX pins until after SMIND* indicates that 
station management mode has been entered. 


TXCLK | | | | | | | | | | | | | 


TXSYMx 
RXCLK (1) 
IN PHASE 


RESPONSE (1) 
RXSYMx 


RXCLK (2} 


X _vaulocommano COMMAND 
X_vaunresponse RESPONSE 


OUT OF PHASE | | | | | | | | | | | | | | 


RESPONSE (2) 
RXSYMx 


X _vaunresponse x RESPONSE 


Figure 8-1. Parallel Command Response Time 


TXCLK PLL LULL Le 


TXSYMx 
aera VALID SMDATA COMMAND 
IN PHASE TU LLL LL LL LLL LLL LLL $e 
RESPONSE (1) 
RXSYMx VALID SMDATA RESPONSE 
}e-»}<—— 8 ZERO DATA BITS ——>}e-»| 
START STOP 
RXCLK (2) _ a 
ouT oF PHASE LILI LI LP LILY LOL LLL LLL LLL 
RESPONSE (2) 
RXSYMx VALID SMDATA RESPONSE 
\~-»}«—— § ZERO DATA BITS ——o}<-»| 
START STOP 
BIT BIT 


Figure 8-2. SMDATA Command Response Time 


TXCLK PULL 


SMREQ* 
RXCLK (1) 
IN PHASE 


SMIND* (1) 
RXCLK (2) 


Nae es AT hn et ee OS 


TOU LULULULLLLLLLe 
Ce Pe ee ge a I eee 


out oF PHASE LIFLUIP LULU LLL LLL 


SMIND* (2) 


eee 


Figure 8-3. Station Management Request 
Response Time 
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SECTION 9 | 
MC68194 CARRIER BAND MODEM 
_ ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Limits Beyond Which Device Life May Be Impaired) 


Supply Voltage Vcc : 
 y 






TTL Output Voltage (Applied to. output HIGH) VouT | 
ECL Output Source Current: 











Storage Temperature : Tstg — 55 to +165 
Cerquad | 
Junction Temperature _ TJ 165 
Cerquad 


GUARANTEED OPERATING RANGES 


Characteristic 











DC ELECTRICAL CHARACTERISTICS 


TTL INPUTS (TXSYMO0-TXSYM2, SMREQ*, RESET, EOTDIS)t 
(Ta = 0-70°C, Voc = 5.0 Vde + 5%) 


Input HIGH Voltage VIH 


Input HIGH Current uA | Vcc = MAX, Vin = 2.7 Vde 


Input LOW Current 


t All TTL inputs include a 15 k-ohm pullup resistor to Vcc. 
TTL OUTPUTS (TXCLK, RXSYMO-RXSYM2, SMIND*, RXCLK, JAB) 
(Ta = 0-70°C, Vcc = 5.0 Vde + 5%) 


Output HIGH Voltage VOH 


Output LOW Voltage 








Output HIGH Current 


Output LOW Current 





ECL OUTPUTS (TXOUT, TXOUT*) 
(Ta = 25°C, Vcc = 5.0 Vde) 


Output LOW Voltage VOL ) | 8.28 


OPEN COLLECTOR OUTPUT (TXDIS) 
(Ta = 25°C, Vcc = 5.0 Vde) 


Output LOW Current IOL | 450. | 
Output HIGH Leakage Current . | ton | 


- 410 | | vde_| Rputtdown = 220% 
|| Vde | Rputidown = 2200 
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DC ELECTRICAL CHARACTERISTICS — continued 
OTHER PARAMETERS 
(Ta = 25°C, Vcc = 5.0 Vde) 


POWER SUPPLY DRAIN CURRENT 


Limits 
cma |e TR] ww | sotto 
open. 
RECEIVER (SINGLE-ENDED OPERATION) 


GAN Owpuvoregenich | Gvon | | @? | | Wee [ion=Soma 
GAN Outpt voragetow | von] | 96 | | vee [ian =s0ma 
Finput Signa for ing) | ain | | +7 | | eamv | GaN ouputcoomv | 
[beteces Tresnois +d Wanres | | 1 |_| eomv | Arunes = 0m tovec | 
PHASE DETECTOR OUTPUTS (UP*, DOWN*) 

[Phase Detector Output Vonage HGH | POvon | | 40 | | vee [n= Wma 


VcM 
VCM Oscillator Fosct MHz | Cycom = 24 pF, RXCLK = 5.0 MHz, 
VCX = 3.6 Vde 
Frequency Fosc2 Cyem = 68 pF, RXCLK = 10 MHz, 
VCX = 3.6 Vde 


VCM | VCMTuningRatio = | VCMTuningRatio = 


VCX Tuning Range a 4 4 
Vex 


ONE-SHOT 


[ SET-PW Output Votage HIGH | PWvon || 42 | | vee [i= 80mA 
SET-PW OutputVotageLow | PWvor_| | 36 | | vée | l=S0ma 
SS 
a Od 
Timing Reference Voltage Vref 1.2 1.3 
[imearegermewon | me | | MS 
External Timing Resistor =; | 
[ermal Timing Copactor | _cexr_| (| 9 
JABBER TIMER 


RC Threshold High JaBvin, | | 4.25 | 
RC Output Vo. JABYOL eae 






















































= 5.0 nA Max 
lol = 10 mA 


For 0.5 sec timing 
For 0.5 sec timing 


XTAL1 & XTAL2 tied together 
XTAL1 & XTAL2 tied together 
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AC ELECTRICAL CHARACTERISTICSTtt 


(Ta = 0-70°C, Vcc = 5.0 Vde + 5%) 
Symbol 


TXCLK Period tTXperiod 


RXCLK Period tRXperiod 


TTL Rise/Fall Time 
TXSYMX, SMREQ* Setup Time tsetup 
(to TXCLK) 

TXSYMX, SMREQ* Hold Time thold 

(to TXCLK) 
RXSYMX, SMIND* Delay Time tRXSYM delay 
(to RXCLK) 
XTAL1,2 to TXCLK Delay tTXCLK delay 


TXOUT, TXOUT* Rise/Fall Time tTXOUT+ 























@ 5.0 MHz, Figure 9-1A 


@ 5.0 MHz, PLL locked to TXCLK, 
Figure 9-1B. 





z : 


y 
Figure 9-1A 


Figure 9-1A 
Figure 9-1A 
Figure 9-1B 


Figure 9-1C. XTAL1 and XTAL2 tied 
together and driven with external 
source. 


Rpulldown = 500 2 
Rpullidown = 5002 - 


2.0 kX pullup to Vcc. Do not use 
Figure 9-2 test load 


NO 


5 


2.5 





UP*, DOWN* Rise/Fall Time 


TXDIS Rise/Fall Time tTXDIS + 


tt See Figure 9-2 for AC test load. 
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RXSYMO-RXSYM2, 





SMREQ* 
oo UTX period 
(A) TXSYMX, SMREQ* Setup and Hold Timing to TXCLK 
RXSYMO-RXSYM2, 
SMIND* USN 
tRXSYM delay 
RXCLK 15V 15V 
'RX period 
(B) RXSYMX, SMIND* Delay Timing to RXCLK 
XTAL1, XTAL2 25V 25V 


a - 'TXCLK delay 


TXCLK 15V 


(C) TXCLK Delay Timing to XTAL1, XTAL2 


Figure 9-1. AC Test Waveforms 


TEST POINT 






15 pF 


INCLUDES JIG AND PROBE 
CAPACITANCE = = 





Figure 9-2. TTL, TXOUT, TXOUT*, Up* & Down* AC Test Load 
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Figure 9-3. One Shot Pulse Width versus Rext/Cext 


0 





VCX (VOLTS) 


Figure 9-4. VCM Frequency versus Control Voltage 


CAP pF 


(Vcc = 5.0 Vdc & C = 68 pF) 
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1000 


(ZHI) 
04ud WOA 


RESISTOR (Kohm) 


Figure 9-6. Detected Threshold versus Threshold Resistor 


CAPACITANCE bare 
Figure 9-5. VCM Frequency versus Capacitance 


800 


600 





TIMING CAP (uF) 
Figure 9-7. Jabber Time Constant versus Capacitance 
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